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Editorial

La fuerza, la olvidada en la prescripcion del ejercicio fisico para

la salud

The force, the forgotten one in the prescription of the physical

exercise for health

José Antonio de Paz Fernandez

Especialista en Medicina del deporte. Instituto de Biomedicina (IBIOMED). Facultad CCAA Fisica y el Deporte. Universidad de Ledn.

La condicion de ser nuevo para rechazar o aceptar un paradigma,
es el anverso y el reverso de una misma moneda falsa.

Han pasado unos 9 afos desde que la OMS publicara las reco-
mendaciones que en materia de actividad fisica suponian los minimos
aconsejables para la poblacién, con la principal novedad de incluir la
recomendacién de ejercicio de fuerza (fortalecimiento osteomuscular)
delos principales grupos musculares, al menos dos o tres dias a la sema-
na, independientemente de la edad (de hecho desde los 5 afos)'. Adn
asi, con demasiada frecuencia no se incluyen estas recomendaciones
en las indicaciones generales que en materia de ejercicio se realizan
en las consultas médicas.

Ylo que es més aberrante, alin se mantienen y transmiten antiguas
creencias que hoy se saben falsas, sobre “lo malo que es el entrena-
miento de fuerza para nifos” por afectar al cartilago de crecimiento,
por producir hipertrofia miocérdica...o "lo malo que es el ejercicio de
fuerza para hipertensos o cardidpatas”... Son numerosos los trabajos
publicacados demostrando la seguridad y los beneficios que este
tipo de ejercicio supone para los nifos sanos’*, personas obesas®, o
con enfermedades cardiovasculares®, pero a pesar de tanta evidencia
cientifica y profesional, no se terminan de disipar esas falsas creencias.

Por fortuna para la salud de la poblacion, actualmente el ejercicio
fisico se aconseja a los pacientes afectados por cualquiera de la mayo-
ria de padecimientos crénicos y cronico-degenerativos. Sin embargo,
desde las consultas médicas el aspecto del ejercicio de fuerza, sigue
sin ser aconsejado de forma clara, e incluso desaconsejado de forma
expresa. Esilustrativo una encuesta realizada a 272.887 norteamericanos
no hipertensosy 179.789 hipertensos, alos que se les preguntaba si en
las consultas médicas se les habia recomendado ejercicio y de ser asf,
si se habfa aconsejado ejercicio aerébico solo, de fuerza Uinicamente o

ejercicio combinado aerébico y de fuerza’. Al 36,9% de los sanos no se
les habfa aconsejado ejercicioy al 45,7% de los hipertensos tampoco. A
los que si se les habfa recomendado se aconsejoé ejercicio combinado
al 23,1% y 15%, de fuerza sélo al 9,5% y 7,3% de sanos e hipertensos
respectivamente. Y esto a pesar de los consensos que en materia de
ejercicio se publican por parte de diferentes sociedades de especia-
lidades médicas o de pacientes. Aun asi, desafortunadamente no es
infrecuente desaconsejar ejercicio de fuerza en pacientes que padecen
una enfermedad crénica o con secuelas, a pesar de las publicaciones
cientificas mostrando lo contrario, lo importante y seguro de su reali-
zacion de forma Unica o combinada con el clasico aerdbico. Tal es el
caso de pacientes afectados de cardiopatia isquémica®, hipertension'®,
diabetes', artrosis'?, osteoporosis'?, esclerosis multiple', supervivien-
tes al cancer en general®™ o al de mama en particular’®”, enfermedad
pulmonar obstructiva cronica'®'®, enfermedad renal cronica®... y una
larga lista que se podria detallar.

Existe una discrepancia entre lo que se sabe ala luz de la ciencia y
lo que aconseja desde la practica médica que estd sustrayendo posibili-
dades de mejora funcionaly de calidad de vida a la poblacién sanayala
poblacién enferma. Es conveniente, que desde la medicina del deporte
se redoblen los esfuerzos pedagogicos hacia la medicina general y
especializada en materia de prescripcion de ejercicio de fuerza. Exis-
ten consensos, posicionamientos y recomendaciones cientificamente
aceptados, suficientes como para poder realizar una buena prescripcion
de entrenamiento de fuerza en el contexto de la salud para poblacion
general’'?, para ninos?, para cardidpatas™.

Sies cierto que los beneficios del ejercicio para la salud estan rela-
cionados con la duracion, intensidad y frecuencia con que se realizan,
no es menos cierto que existe una relacion entre la dosis del ejercicio de
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fuerzay sus beneficios para la salud. No todo ejercicio en el que se vence
sucesivamente una resistencia puede ser considerado entrenamiento
adecuado de fuerza, ni ejercicio beneficioso para la mejora de la fuerza.

El ejercicio o el entrenamiento de fuerza no estan contraindicados,

lo que estéd contraindicado es el mal entrenamiento, (mala determinacion
de la carga, mala progresion de la carga, mala ejecucion técnica, medios
inadecuados e inseguros...).
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Summary

Purpose: To analyze the influence of physical activity level on associations between motor coordination and body mass index
(BMI) in normal weight, overweight and obese adolescents.

Method: Thirty nine adolescents (13 normal weight, 13 overweight and 13 obese) aged 12-14 years old, participated in this
study. The Physical Activity Questionnaire for Older Children (PAQ-C) and Korperkoordinationtest fir kinder (KTK) tools were
used in order to assess the levels of physical activity and motor coordination, respectively. Bivariate and partial correlations
were used to analyze the interrelationships among motor coordination, BMI and physical activity. The analysis of covariance
test was used in order to compare the levels of motor coordination among normal weight, overweight and obese adolescents,
considering the physical activity level as a covariate.

Results: Moderate negative correlations (p<0.05) were found between motor coordination and BMIin the sample as a whole,
normal weight and obese groups. However, when controlled for physical activity levels, it was not observed a significant co-
rrelation in the normal weight group. Motor coordination and BMI were not significantly correlated in overweight adolescents
with and without controlling for physical activity levels. Furthermore, motor coordination level demonstrated a trend to be
lower in overweight and obese adolescents.

Conclusion: Physical activity level influenced the association between motor coordination and BMI in normal weight
adolescents, but not in overweight and obese. The negative effect of excess body mass on motor coordination level may
overlap the possible influence that physical activity level exerts on the association between motor coordination and BMI in
overweight and obese adolescents.

Relaciones entre la coordinacién motora, indice de masa corporal y la
actividad fisica en adolescentes con diferentes estados de peso corporal

Resumen

Objetivo: Analizar la influencia del nivel de actividad fisica en las asociaciones entre la coordinacién motora y el indice de
masa corporal (IMC) en adolescentes de peso normal, con sobrepeso y obesos.

Método: Treinta y nueve adolescentes (13 con peso normal, 13 con sobrepeso y 13 obesos) con edades comprendidas
entre 12y 14 anos participaron en este estudio. Las herramientas Physical Activity Questionnaire for Older Children (PAQ-C) y
Korperkoordinationtest fur kinder (KTK) se usaron para evaluar los niveles de actividad fisica y coordinacién motriz, respecti-
vamente. Se usaron correlaciones bivariadas y parciales para analizar las interrelaciones entre la coordinacién motora, el IMCy
la actividad fisica. El andlisis de covarianza se utilizo para comparar los niveles de coordinacion motora entre los adolescentes
de peso normal, con sobrepeso y obesos, considerando el nivel de actividad fisica como una covariable.

Resultados: se encontraron correlaciones negativas y moderadas (p <0.05) entre la coordinacion motora y el IMC en la
muestra como un todo, en los adolescentes con peso normal y obesos. Sin embargo, cuando se controlan los niveles de
actividad fisica, no se observé una correlacion significativa en el grupo de peso normal. La coordinacién motora y el IMC
no se correlacionaron significativamente en adolescentes con sobrepeso con y sin control de los niveles de actividad fisica.
Ademas, el nivel de coordinacion motora demostré una tendencia a ser menor en adolescentes con sobrepeso y obesos.
Conclusion: El nivel de actividad fisica influyé en la asociacion entre la coordinacién motora y el IMC en adolescentes de
peso normal, pero no en adolescentes con sobrepeso y obesos. El efecto negativo del exceso de masa corporal en el nivel de
coordinacion motora puede superponerse a la posible influencia que ejerce el nivel de actividad fisica en la asociacion entre
la coordinacion motora y el IMC en los adolescentes con sobrepeso y obesos.
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Introduction

Pediatric obesity has become a global epidemic’, being recognized
as one of the most serious public health concerns in the 21 century?
In Brazil, more than 8 million children and adolescents are estimated to
be obese?. This high prevalence is a concern due its associated health
risks such as hypertension, hyperinsulinemia, glucose intolerance, type
Il diabetes and dyslipidemia?.

Obesity seems also to be associated with poor motor coordination
in children and adolescents*®. Although few studies’® have not found
significant associations between motor coordination level and body
mass index (BMI), most evidence suggests these variables are negatively
associated® ™. Overall, these previous studies suggest obese children
tend to have lower motor coordination level than their normal weight
peers.

A plausible explanation for a negative association between BM|
and motor coordination level in children and adolescents is based on
biomechanical issues. That is, the higher the amount of body mass,
the higher the mechanical work required to performing motor tasks,
especially those which demand body weight-bearing. Evidence'*'*'¢ has
confirmed, at least partially, this weight-bearing hypothesis. However,
the reported negative relationship between motor coordination level
and BMI can be mediated by several alternative mechanisms'.

One of mechanisms that can mediate, or influence, the relationship
between motor coordination level and BMI in pediatric population is
the physical activity level*'® This assumption is based on evidence that
physical activity level is positively associated with motor coordination
level', Also, itis important to recognize that not all obese children and
adolescents have poor motor coordination or are physically inactive?'.
Therefore, the hypothesis that physical activity level may influence the
association between motor coordination level and BMIin children and
adolescents seems to be plausible.

Chagas and Batista*’ found physical activity level influences the as-
sociation between motor coordination level and BMIin normal weight,
but not in their overweight/obese peers. However, the comparisons
realized in that study involved overweight and obese adolescents in
the same group. Therefore, it remains unknown if physical activity level
can influence the associations between motor coordination level and
BMI in obese adolescents.

The purpose of this study was to analyze the influence of physical
activity level on associations between motor coordination and BMI in
normal weight, overweight and obese adolescents.

Material and method

One hundred and fifty five adolescents (69 boys and 86 girls)
between seventh and ninth grade of elementary school (age ranged
between 12 and 15 years old) from a Brazilian public school were
initially recruited to participate in the study. Inclusion criteria re-
quired students to be under 15 years old with no history of injury
or disease that could affect motor performance. Exclusion criteria
consisted of subject’s weight status classified as underweight. Eth-
ical approval for this study was obtained from the University’'s Ethics

Committee and parental consent and child assent were obtained
prior to participation.

After initial recruitment (N=155), eight subjects were excluded
from the study due to their being underweight. Further, thirteen obese
adolescents were detected (n=13). Thus, among the 134 remaining
subjects (28 overweight and 106 normal weight), 13 overweight and
13 normal weight adolescents were randomly selected to compose
the final sample of 39 participants (17 boys and 22 girls). There was
not missing data.

Body mass was measured to the nearest 0.1 kg using an electronic
scale, with participants wearing their school uniform. Standing height
was measured while unshod with a stadiometer wall to the nearest
0.1 cm. BMI (kg/m?) was then calculated. World Health Organization?
age-specific cut-off points for BMI were used in order to determine the
weight status of participants (underweight, normal weight, overweight
and obesity) according to gender.

The Physical Activity Questionnaire for Older Children (PAQ-C), a
valid? self-applied 7-day recall instrument, was used to assess general
levels of physical activity of participants. The PAQ-C is appropriate
for elementary school-aged children approximately between 8-14
years old who are currently in the school system and have recess as a
regular part of their school week. The summary score from the PAQ-C
is the average of the sum of the nine item questions, each scored on
a 5-point scale, with 1 being the lower level of physical activity and
5 the higher level.

Motor coordination level was assessed using the Kérperkoordi-
nationstest fir Kinder (KTK). The KTK is appropriated to assess motor
coordination level of participants because it is a reliable and valid
instrument, with a teste-retest reliability coefficient of 0.97%. KTK is one
of most used tools for assessing children’s motor coordination® and it
consists of four test items. The first is walking backwards along balance
beams (3m length) of decreasing width (6, 4.5 and 3 cm). Each beam
was crossed three times where a maximum of eight steps per trial were
allowed (72 steps overall); the sum of steps in all trials determined score
1.The second involved one-legged hopping over an obstacle, formed
by an increasing pile of pillows (pillow size 60 cm x 20 cm X 5 cm; the
maximum was 12 pillows or a height of 60 cm). Only three trials were
allowed for each obstacle and three, two, or one point(s) were/was
awarded for successful performance on the first, second, or third try,
respectively. Therefore, a maximum of 39 points (including a ground
level trial) could be scored for each leg; the points were summed to
determine score 2. The third task was two-legged sideways jumping
across a wooden slat (60 cm x4 cm x 2 cm) for 15 s as quickly as possi-
ble. The number of jumps performed correctly was summed over two
trials to determine score 3.The final task involved moving sideways on
wooden boards (25 cm X 25 cm X 5.7 cm) as many times as possible
in 20 s. One point was awarded for each time the plate was transferred
and one more for stepping on it. The number of relocations was count-
ed and summed over two trials to determine score 4. KTK takes into
account motor coordination level is gender and age-related. Thus, the
four scores acquired in each item test were gender and age-adjusted in
according to KTK normative database. Finally, the motor coordination
level for each participant was derived from the sum of the four adjusted
scores obtained in the tests.
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Descriptive statistics were determined for all variables. The Kol-
mogorov-Smirnov test confirmed acceptable normality of the data
distribution. Pearson’s correlation coefficients were used to examine the
bivariate relationships between levels of motor coordination, BMI and
physical activity. Partial correlations were used to analyse the relations-
hip between motor coordination level and BMI, controlling for physical
activity levels. Analysis of covariance (ANCOVA) was used to compare
the motor coordination levels between normal weight, overweight and
obese adolescents, considering the physical activity level as a covariate.
A significance level of 5% (o = 0.05) was adopted in all statistical tests.
Data analysis was executed using Statistical Package for Social Sciences
software (SPSS ver. 22.0, IBM, USA).

Results

The total sample (N=39) presented the following values for age,
body weight, height, BMI, motor coordination and physical activity
levels, respectively: 13.7y (£0.6), 63.2kg (£17.5), 1.61Tm (x0.8), 24.1kg/
m? (£5.9), 78.6 (£22.0) and 2.7 (£0.9). Descriptive statistics of group 1
(normal weight), group 2 (overweight) and group 3 (obese) are provi-
dedinTable 1.

As shown in Figure 1, motor coordination levels decline as weight
status worsens, that is, as higher BMI, the lower motor coordination
levels. However, results of ANCOVA test confirmed significant differences
in motor coordination levels only between normal weight and obese
groups (F=4.123, p=0.025).

Pearson and partial correlations coefficients are displayed in Table
2. Moderate negative correlations were found between BMI and motor
coordination levels in the group as a whole, as well as in the normal
weight and obese groups. However, when statistically controlled for
physical activity levels, significant correlations were only observed in
the group as a whole and obese group.

Table 1. Descriptive statistics (mean + standard deviation) of age,
body weight, height, BMI, motor coordination levels (MC) and
physical activity levels (PA) of normal weight (group 1), overweight
(group 2) and obese (group 3) adolescents.

Group 1 Group 2 Group 3

(n=13) (n=13) (n=13)
Age 13.7 13.6 13.9
(years) (+0.7) (+0.6) (+0.6)
Body Weight 45.0 63.8 80.8
(kg) (£8.2) (£6.6) (£13.1)
Height 1.58 1.64 1.62
(m) (+0.1) (£0.1) (£0.1)
BMI 18.0 23.6 30.8
(kg/m?) (£1.9) (£1.4) (£4.1)
MC 89.9 80.3 65.6

(£13.5) (£21.7) (£23.5)
PA 2.9 2.7 25

(+0.9) (+0.9) (+0.8)

Table 2. Pearson and partial correlation coefficients between BMI
and motor coordination levels (two-tailed test).

Bivariate Partial
correlations correlations*
Total sample - 0.640** - 0.622**
Group 1 - 0.569* -0.565"
Group 2 - 0.4641 - 0.465"
Group 3 -0.691%* - 0.643*

*Controlled for physical activity levels.
“Correlation significant at the 0.05 level.
“Correlation significant at the 0.01 level.
Correlation non-significant (p>0.05).

Figure 1. Mean and standard error of motor coordination levels
across three groups.
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Discussion

The main aim of this study was to analyze the influence of physical
activity level on associations between motor coordination and BMI in
adolescents with different weight status. Our findings suggested motor
coordination level and BMI are negatively associated in normal weight
and obese adolescents. However, the association between these va-
riables was not significant when controlled for physical activity level in
normal weight adolescents. On the other hand, motor coordination level
and BMI were significantly negatively correlated in obese adolescents
regardless of physical activity level. These results suggest physical activity
level can influence the association between motor coordination and
BMI in normal weight adolescents. Furthermore, motor coordination
level demonstrated a trend to be decline as weight status worsens.

Moderate negative correlations between motor coordination level
and BMI were observed in the group as a whole, normal weight and
obese adolescents. These findings are in line with previous studies®'.
Considering BMI as an indicator of body fat, it seems plausible to ex-
pect that individuals with higher BMI, i.e. higher adiposity, have higher
difficulty to perform some motor tasks due to increased biomechanical
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demands.That s, the higher BMI, higher physical difficulties experienced
by individuals, such as increased moments of inertia and mechanical
work, especially in weight-bearing tasks.

Nevertheless, our findings showed that motor coordination and
BMI were not significantly correlated in overweight adolescents. Few
previous studies”® have also not found significant associations between
motor coordination level and BMI. These findings can be explained by
the fact that individuals with the same weight status, or even with the
same BMI, may have considerable differences in body composition.
That is, overweight individuals with relatively high levels of lean mass
and low levels of body fat may have no increased difficulty to perform
motor tasks due their BMI status.

Negative correlations between motor coordination levels and BMI
remained weak to moderate when controlled for physical activity level
in all groups. However, motor coordination level and BMI were not
significantly correlated in normal weight adolescents when controlled
for physical activity level. This evidence suggests physical activity level
can influence the association between motor coordination and BMI in
normal weight adolescents, but not in overweight and obese. These
findings are in line with a previous study?, corroborating the assump-
tion that, in obese adolescents, motor coordination level and BMI are
negatively associated regardless of physical activity levels. These results
can be explained by negative effect of excess body mass on motor
coordination level; it may overlap the possible influence that physical
activity level exerts on the association between motor coordination and
BMI in overweight and obese adolescents.

In line with previous findings>'®", our results showed motor coordi-
nation level tend to decline as weight status worsens. These results add
to the body of evidence suggesting obese adolescents tend to have
poorer motor coordination level than their normal weight peers. These
findings were expected due to increased biomechanical demands in
some motor tasks experienced by individuals with higher BMI. Howe-
ver, significant differences in motor coordination level were observed
only between normal weight and obese groups. That is, there were no
significant differences in motor coordination level when overweight
adolescents were compared with normal weight and obese peers.
These findings can also be explained by possible differences in body
composition, especially with regard to body fat, among participants
whose weight status was classified as overweight.

In this study was hypothesized that the physical activity level, as a
mediator mechanism, could influence the associations between motor
coordination and BMI in adolescents with different weight status. Our
findings corroborated only partially this hypothesis, because physical
activity level influenced only the associations among normal weight
adolescents. Besides the increased negative effect of body fat in
overweight and obese, other complementary mechanisms, as percei-
ved motor competence and physical fitness, can have influenced the
approached relationship.

Another way to explain our findings concerns the role of physical
activity level in this interrelationship. Indeed, it is expected the higher
physical activity level among adolescents, higher their opportunities
for practice. Considering that opportunities for practice is essential
for motor development?, it is expected that physical activity level is
associated with motor coordination. However, the levels of physical

activity showed for adolescents may not necessarily to be linked with
diversified and increased opportunities for practice. Thus, the influence
of physical activity on relationship between motor coordination and BMI
can be low or inexistent. In this sense, the role of physical activity as a
mediator mechanism, such as proposed in the conceptual framework
proposed by Stodden et al?, may vary in according to opportunities
for practice experienced by individuals.

This study had some limitations. First, motor coordination and phy-
sical activity were assessed using a test composed by gross motor skills
and a self-reported questionnaire, respectively. Thus, the inference of our
results is limited to these specific measures in adolescents. Second, both
instruments used for assessing physical activity and motor coordination
were not adapted to Brazilian population. Also, the small sample size
was relatively small. Future investigations using different measurement
tools should be conducted in order to corroborate or refuse our results.

Conclusions

Physical activity level influenced the association between mo-
tor coordination and BMI in normal weight adolescents, but not in
overweight and obese. The increased negative effects of excess body
mass, as well as the variability of opportunities for practice according
to physical activity level, seem to explain these findings. Also, comple-
mentary analyses assessing the potential mediating effects of physical
activity on the relationship between motor coordination and BMI should
be considered in future studies. As practical application, physical edu-
cators and physicians must encourage not only a health weight status,
but also the development of motor coordination among adolescents.
Moreover, elevated levels of physical activity associated with diversified
and increased opportunities for practice should also be promoted by
health care professionals, as physical educators and physicians.
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Summary

Background: Time limit (t, ) at peak speed (\/peak), that is maximal time that an individual can keep running at maximal
intensity, is used to prescribe interval durations during interval training. The aim of this study was to compare two protocols
(without or with 15 minutes of warm-up) for the t,, determination at 100% of\/peak in untrained men.

Material and method: Twelve untrained young men performed three running tests on a treadmill: one maximal incremental
testto oleterminevpeak and two rectangular tests, performed in randomized order, without a warm-up (t,,o) Or with a 15-minute
warm-up duration (t, ) at 60% of V_, to determine the t, at 100% of V__, after the warm-up the tests were performed at
the speed of the individual \/peak until volitional exhaustion. During the tests, heart rate (HR) and rating of perceived exertion
(RPE) were monitored and blood lactate sampling was collected prior to session (LAM); immediately post-exercise (LA, )
3min (LA, ), 5min (LA, )Yand 7 min (LA ) post-exercise to determine lactate concentrations. The Shapiro-Wilk test was
used and confirmed the normality of the data distribution, with maximal and submaximal values compared using Student’s
t test for dependent samples.

Results: Test duration att,  was significant higher than that at t,.s (P=0.02). Additionally, differentt, protocols influenced
HR and RPE submaximal responses and did not modify lactate concentrations or maximal variables (HR,,, and RPE_ ).
Conclusions: These findings suggest that the determination of t, at 100% of V__ without a prior warm-up led to a higher
test duration in untrained men.

peak

Tiempo limite en la velocidad maxima sin calentamiento previo: efectos
sobre la duracion de la prueba, frecuencia cardiaca y grado de esfuerzo
percibido

Resumen

Objetivos: Tiempo limite (t, ) en la velocidad maxima (meo)/ que es el tiempo maximo que un individuo puede permanecer
corriendo en laintensidade maxima, se utiliza para prescribir la duracién de los intervalos durante el entrenamiento intervalico.
El objetivo de este estudio fue comparar dos protocolos (sin o con 15 minutos de calentamiento) para la determinacion de
t,,al 100% delaV, _ en hombres no entrenados.

Material y método: Doce jovenes no entrenados realizaron tres pruebas de carrera en la cinta rodante: una prueba incre-
mental maxima para determinarV_, vy dos pruebas rectangulares, realizadas en orden aleatorio, sin calentamiento (t, ) o con
una duracion de calentamiento de 15 minutos (t, ) al 60% de la me para determinar el t,_al 100% de la Vm; después del
calentamiento las pruebas fueron realizaradas en la velocidad de la V., individual hasta el agotamiento voluntario. Durante
las pruebas, la frecuencia cardiaca (FC) y el grado de esfuerzo percibido (RPE) fueron monitorizadas y se tomaron muestras
de sangre antes de la sesion (LA ); inmediatamente despues del ejercicio (LA, ;3 min (LA, ), 5 min (LA, )y 7min (L, )
después del ejercicio para determinar las concentraciones de lactato. Se utilizé la prueba de Shapiro Wilk y se confirm¢ la
normalidad de la distribuicion de los datos, con los valores maximos y submaximos comparados utilizando la prueba t de
Student para muestras dependientes.

Resultados: La duracion de la prueba en el t,_ fue significativamente mayor que aquellaen el t, (P =0.02). Ademés, los
diferentes protocolos de t, influenciaron las respuestas submaximas de FCy RPE y no modificaron las concentraciones de
lactato o las variables maximas (FC_ vy RPE_ ).

Conclusiones: Estos resultados sugieren que la determinacion del t,enla 100% de la Voo sin calentamiento prévio lleva a
una mayor duracion de la prueba em hombres no entrenados.

Correspondencia: Fabiana Andrade Machado
E-mail:famachado_uem@hotmail.com; famachado@uem.br
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Introduction

Endurance racing has been gaining popularity recently; thus, the
training prescriptions linked to running performance improvements
have received great attention'?. Such prescriptions should be planned
for each individual according to the physiological (e.g., heart rate [HR]),
psychological (e.g, rating of perceived exertion [RPE]), and performance
variables (peak speed [V__ ], time limit [t,_]) that control and monitor
effort intensity?.

Thet,  isthe maximal time that an individual can maintain a given
exercise intensity*, such as V. occurrence velocity. The original protocol
for the t,  determination included a prior 15-minute warm-up at an
intensity equivalent to 60% of the reference velocity (eg. V., orvelocity
associated with the occurrence of maximal oxygen uptake [WO, 1);
after the warm-up, without interval, the velocity is automatically increa-
sed to 100% intensity, at which the individual should remain as long as
possible until volitional exhaustion*. However, warm-up duration (5, 10
or 15 minutes) modified the test duration (t, )°.

Studies demonstrated that various warm-up types, such as stret-
ching (static and dynamic)®, whole-body vibration’, and the traditional
warm-up consisting of low-intensity cycling?, could positively or
negatively influence aerobic performance. For instance, Tomaras &
Macintosh® investigated a sample of highly trained male track cyclists
and compared the traditional warm-up (WU) for a 200-m sprint in a track
cycling competition with an experimental WU that was designed to be
shorter and less intense and examined the fatigue and cycling perfor-
mance after traditional and experimental WU. Results from this study
showed that peak active twitch torque was lower after the traditional
than experimental WU when expressed as percentage of pre-warm-up
amplitude, and Wingate test performance was better after experimental
WU than traditional WU; indeed, the traditional track cyclist's WU results
in significant fatigue, which corresponds with impaired peak power out-
put, and shorter and lower intensity WU permits a better performance.

However, a recent study showed that warm-up duration (5, 10 or
15 minutes) modified the test duration (t, ) of untrained men in which
the warm-up comprising 15 minutes led the participants to exercise for
a shorter time compared to other t, protocols®. Since t, is a variable
that is used to determine the optimal stimulus durations in interval
training sessions®'", this longer or short duration altered by warm-up
will directly impact this prescription.

Nevertheless, to the best of our knowledge, there is still a lack of
studies that analyzed the best duration of the warm-up® and knowing
the importance of warm-ups prior to exercise and that the duration
modifies the t, ° the aim of this study was to compare two protocols
(without and with a 15-minute warm-up) for the t,_ determination at
100% ofvpeak in untrained men. Our hypothesis is that the t, determi-
ned without a warm-up will differ from that of the t,_ performed with
a 15-minute warm-up.

pea

lim

Material and method

Twelve untrained young men, not included in systematic running
training programs, with training volume less than 20 km per week,

volunteered to participate in this study. The 5-km running times re-
ported by participants were between 25 and 35 minutes, with a pace
between 8.6 and 12 km+h" (= 36.1 and 50.4 % of the world record).
The main characteristics of the participants were:age 21.4 + 2.3 years,
height 1.8 + 0.1 m, body mass 76.7 + 10.9 kg, body mass index (BMI)
24.2 + 2.8 kg'm2 and body fat 15.3 + 4.2%. Prior to testing, written
informed consent was obtained from all participants. The experimental
protocol was approved by the local Human Research Ethics Comittee
(#1.262.502/2015) and appropriate standards for human experimen-
tation have been followed.

Experimental overview

Participants performed three tests on a motorized treadmill (Super
ATL Inbrasport, Porto Alegre, Brazil), with the gradient set at 1%. In the
first visit the evaluation of the anthropometric measurements was per-
formed, and the participants were submitted to a maximal incremental
test to determine \/peak. After, in a randomized order, two rectangular
tests with warm-up durations of 15 minutes and without warm-up
were performed to determine the t, at 100% of Voeake The tests were
performed over 2 weeks, with each test separated from the other by
48 hours. For all tests, participants were instructed to stay well-rested,
well-nourished, and well-hydrated, wearing lightweight comfortable
clothing. Participants were also instructed to avoid eating for 2 hours
before the maximal exercise test, to abstain from caffeine and alcohol
and to refrain from strenuous exercise for 48 hours before testing. Tests
were conducted at the same time of the day, under normal laboratory
conditions (temperature 20-22 °C, relative humidity 50-60%).

Incremental exercise test to determine V___,

After a warm-up, comprised walking at 6 km-h™" for three minutes,
the continuous protocol started with a speed of 8 km-h' and increased
by 1 km-h" between each successive 3-minute stage until participants
reached volitional exhaustion'?. The Vo of the incremental test was cal-
culated as the speed of the last complete stage added to the completed
fraction of the incomplete stage', calculated according to the equation:

Vo = Veomplere (t/Txspeed increment)

where Vogmplece 1S the running speed of the last complete stage, t
the time in seconds sustained during the incomplete stage, and T the
time in seconds required to complete a stage (i.e, 180 seconds), and
speed incremental is the speed load increment. The maximal effort was
deemed to be achieved if the incremental test met two of the following
criteria: 1) LA . 28 mmol-L"“2) HR > 100% of endurance-trained
age-predicted HR_ using the age-based (207 - 0.7 X age) equation”
and 3) RPE__ > 19in the 6-20 Borg Scale'.

Rectangular tests to determine the t, atV

The two rectangular tests differed only by presence or absence
of the warm-up of 15 minutes. After the warm-up at 60% ofvpeak, the
treadmill speed was quickly increased (in approximately 6 seconds)
to the individual at 100% of V__ “ Participants were also encouraged
to invest maximal effort and the time of permanency in this intensity

was considered the t, at 100% of Vpeak.
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Psychophysiological and physiological variables

Before testing participants were familiarized with the 6-20 Borg
scale’®, which was used to determine the rating of perceived exertion
(RPE) during the last 15 seconds the stages of\/peak and every minute
int, . The highest RPE value was adopted as the maximal RPE (RPE_ ).
Heart rate (HR) was monitored throughout the tests (Polar RS800sd,
Kempele, Finland) and in the last 10 seconds of each stage da V
and every minute in t, HR was registered; the maximal heart rate
HR .,
tests'. Earlobe capillary blood samples (25 ulL) were collected in a
capillary tube to determine the lactate concentrations. These samples
were collected before (LA all exercise tests, after the incremental
test at the third (LA, ) and fifth (LA, ) minutes, and at the end
(LA, ) atthe LA, LA, andseventh (LA, ) minutes after the
rectangular tests. For the LA, . the participants remained at rest for
15 minutes in a comfortable chair prior to the sampling procedure.
For the LA, blood sampled collection the participants remained
standing upright on the treadmill, and for the LA LA
samples the participants remained sitting in a comfortable chair. Peak
blood lactate concentration (LA
as the highest post-exercise blood lactate concentration value.
The samples were subsequently determined by electroenzymatic
methods using the YSI 2300 STAT (Ohio, USA) automated analyzer
(accuracy + 2%).

peak

) was defined as the highest HR value observed during the

3-min’ 5-min’ L/\7—min

) was defined for each participant

Statistical analysis

Data are presented as mean + SD and were analyzed using the
Statistical Package for the Social Sciences software v. 20.0 (SPSS Inc,
Chicago, IL, USA). The Shapiro-Wilk test was used and confirmed the
normality of the data distribution. Maximal and submaximal values
were compared using Student’s t test for dependent samples. Statis-
tical significance was set at P < 0.05.

Results

The variables obtained during the exhaustion incremental test to
determine the Vo werenV | =127+1.2 km-+h, test duration = 17.1
+38min HR =187 +87 bpm, RPE  =198+05and LA =86
+3.2mmol:L".

Table 1 comparest, testduration, maximalvariables (HR _,RPE
and LA...) and post-test lactate concentrations obtained during the
two tests. Test duration at t, _ was significantly higher than thatatt, .
(P = 0.02). However, no significant difference was seen in the other
variables.

Comparisons between HR and RPE values obtained during the
two tests for t,  determination are shown in Table 2. Only the minutes
in which the participants remained throughout the two tests were
analyzed. Significant differences were noted in the HR and RPE values
until the fifth minute (P < 0.01), in the RPE value at the sixth minute
(P=0.04), and in HR value at seventh minute (P = 0.02).

max’

Table 1. Comparison between the variables: test duration (min),
HR__ (bpm), RPE__ (6-20, AU) and blood lactate concentrations

max

(mmol-L") obtained during thet,  andt, . (N=12).
Variables tio tos P
Test duration (min) 94+22 6.0 +£2.0* 0.02
HR_ (bpm) 184£11.0 184 £10.9 0.80
RPE, _ (6-20, AU) 19.9+03 19.9+03 1.00
LA, (mmol-L") 1103 1.0£0.2 030
LA, (mmol-L") 85£20 7.1 £24 0.07
LA, (mmol-L") 8.6+27 8.2£3.1 1.00
LA, (mmol-L") 84+23 7.7 £33 0.11
LA, (mmol-L") 8.1+£23 75£33 0.42
LA _ (mmolL") 9.5+26 84+33 0.13

peak

Note: AU: arbitrary units; bpm: beat per minute; HR - maximal heart rate; LA :blood lactate
concentration at the before of the test; LA - blood lactate concentration at the end of
the test; LA, :blood lactate concentration at the third minute after the test; LA, -blood
lactate concentration at the fifth minute after the test; LA, :blood lactate concentration at
the seventh minute after the test; LA_: peak blood lactate concentration; RPE_ - maximal
rating of perceived exertion.

*P < 0.05 compared with t,

lim0*

Table 2. Comparison between the HR (bpm) and RPE (6-20, AU)
submaximal values (min) at each minute obtained during the t
and t

limo

lim15°
HR (bpm) RPE (AU)
Time tIlmo tIIm15 P tIlmi) tIlm15 P
1 min
(n=12) 143+124 167£10.9* <0.01 8.0+24 13.8+2.6* <0.01
2 min
(n=12) 159+11.6 175+10.3* <0.01 10.0+29 15.5+2.4* <0.01
3 min
(n=11) 165%10.9 180£9.2* <0.01 13.0£33 16.9£2.1* <0.01
4 min
(n=10) 170£10.8 183+9.2* <0.01 14.5+3.1 17.9£1.8* <0.01
5 min
(n=9) 172£10.7 183+8.5* 0.01 16.0£2.7 18.6+1.7* 0.01
6 min
(n=6) 174+10.3 184+7.9 0.07 17.0£2.8 18.8+1.2* 0.04
7 min
(n=4) 177+9.8 185+10.5*  0.02 19.0+23 19.8+0.5 0.06
8 min

(n=3) 179+10.5 190£2.0 0.07 19.5+2.2 20.0+0.0 0.42

Note: AU. arbitrary units; HR. heart rate; RPE. rating of perceived exertion.
*P < 0.05 compared with t,

lim0*

Discussion

This study aimed to compare the two protocols (without and
with a 15-minute warm-up) in the t, determination at 100% of V__,
in untrained men. The main finding of the present study was that the
different protocols for the t, _ determination had different test durations;
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in particular, the absence of the 15-minute warm-up period led partici-
pants to run for a longer duration than the heating test, confirming our
hypothesis. Furthermore, the t, protocol influenced the HR and RPE
during the test responses but did not modify lactate concentrations or
the maximal variables (HRmax and RPEmX)‘

Previous investigations determined t, using a standard protocol
with a 15-minute warm-up duration at 60% of maximal aerobic speed
(MAS), WO, ., orvmak“'“? Other studies used different warm-up dura-
tions (t, ,and t, )>'"*" but none omitted the warm-up (t, ). This is
the first study to investigate performance in a protocol for determining
t,., without a previous warm-up and compared it with the standard
protocol (t, )% Our results demonstrated that the runners participated
for a longer duration in the protocol without a warm-up than in the
protocol with a warm-up. This result was similar to those of Da Cruz
et al’ and Bertuzzi et al.'®, who used shorter warm-up protocols (ie.,
t,.., and t,_) when testing untrained young men and recreational
long-distance runners, respectively. When investigating the influence
of different warm-up durations on determining t, (e, t, .t .t ),
Da Cruz et al’ reported a longer participation time in the protocol with
a shorter warm-up duration for t,  determination. Similarly, Bertuzzi
et al.'® observed that the participants remained in the protocol with a
5-minute warm-up longer than they did in the protocol with a 10-mi-
nute warm-up. Thus, a longer warm-up time for the t,  determination
showed a negative effect on test duration and may be a tiring factor
prior to exercise. The longer warm-up duration seems to cause greater
physiological wear in the participants at the beginning of the test as
demonstrated by the higher values of HR and RPE in the t, _protocol
thanin thet,  protocol observed in the present study.

In addition to warm-up duration, t, - seems to be influenced by
participant fitness level since there was an inverse correlation between
MAS and t, **°”'.Renoux etal” reported a mean t, . value of 4.5+ 1.3
minutes in trained runners, similar to that observed by Billat et al* (i.e.,
501 +09minutes) in a study of trained runners that showed a shortert,
duration than the results of our study for the t, . protocol (i.e, 6.0 + 2.0
minutes) as well as the study of Da Cruzetal’ (i.e., 5.9 + 1.7 minutes) that
evaluated untrained young males. These results show that it is possible
to observe adifferenceint, duration despite use of the same protocol
(t,.,s) due to differences in participant fitness levels.

Sincet, isavariable thatis used to determine the optimal stimulus
durationsininterval training sessions®'", this longer duration found by a
lack of a warm-up will directly impact this prescription. Previous studies
using t, to prescribe interval training showed that if these sessions do
not have the ideal duration, runners may not complete the training
and/or show no improvement because of a low stimulus intensity'®'"22,
Billat et al.'® tested the training effect in that the stimuli had a duration of
50%oft, invwWO, _intheintervaltraining sessions, and no differences
were found in the aerobic variables associated with performance after
4 weeks of training. Similarly, some authors'? tested different combi-
nations of WO, and its respective t, for individualized training with
series of 60 and 75%; 60 and 70% of t,_in WO, _ respectively. As a
result, performance improvements were observed only for the groups
that trained with the series duration at 60% of t, _invWO, . Theresults
of these studies suggest that small changes in t, duration can have a
greatimpact on the training prescription. Thus, the correct choice of the

lim1s

protocol for determining thet, isimportant because the warm-up time
(its lack or presence) will directly affect the t, duration and, therefore,
the training prescription.

Regarding HR, RPE, and lactate concentration responses during the
test, the protocols with different warm-up durations (ie., t, _andt

) )
limo lim15
were not expected to affect the maximal variables (HR _,RPE _,and

LApeak). However, when the during the test HR and RPE rgzxponsgngvere
analyzed during the different warm-up times, we obtained smaller values
inthet,  protocol compared to the t, . protocol. A similar result was
found by Da Cruz et al®, who observed higher values for these variables
in the protocol with a 15-minute warm-up compared to protocols with
5- and 10-minute warm-ups. This change can be explained by the
increase in cardiovascular activity after exercises with durations > 10
minutes caused by changes in thermoregulatory mechanisms, energy
substrates, and increased blood flow??, which also affected the parti-
cipants final performances.

Despite the important findings of our study, one limitation was that
the determination oftheVpeak (and warm-up based on Vpeak) could led to
differentindividual intensities relative to the velocity of anaerobic thres-
hold (vAT). Thus, despite of\/peak and VAT are correlated with endurance
running performance’?# no previous study examined the relationship
between Vo and VAT. Future studies should investigate the relation-
ship betweenV__, and vAT and to better understand how differences
in relative intensities of VAT could affect the time limit performance.

Conclusion

Therefore, we conclude that the lack of a 15-minute warm-up, ba-
sed on the protocol proposed by Billat et al*, for determining t, leads
to a longer test duration at 100% of Vo and modifies the responses
during the test variables (HR, RPE) in untrained men. This result may
impact or interfere with the use of t, _forinterval training prescriptions.
Hence, we suggest that further studies should be performed in training
protocols with different warm-up durations to evaluate the impact of

the use of time limits.
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Resumen

El estado postmenopausico se caracteriza por el aumento sistematico de los factores de riesgo cardiovascular, incluyendo
las alteraciones negativas en metabolismo de lipidos. El ejercicio fisico ha demostrado efectos benéficos en la regulacién
de marcadores lipémicos en diferentes poblaciones, sin embargo, en mujeres postmenopausicas no estan bien dilucidados
sus efectos. El objetivo del estudio fue determinar el efecto que tiene sobre el perfil lipidico de mujeres postmenopausicas
la realizacion de una sesion de ejercicios resistidos (ER) o de ejercicios concurrentes (EC), comparados con un grupo control
(GQC). La metodologfa del estudio consto de una division aleatoria en tres grupos de 32 mujeres posmenopausicas volunta-
rias, un grupo realizé una sesion de ER (n=11), otro grupo una sesion de EC (n=11) y un grupo control realizé ejercicios de
flexibilidad (n=10). Inicialmente fue evaluado el perfil lipidico basal, la composicién corporal, el fitness muscular y se calculd
la tasa metabdlica basal (TMB). Fue evaluado el perfil lipidico antes, inmediatamente después y 12 horas después de la sesion
de ejercicio especifica. Como resultados se encontrd que entre los tres grupos, no existieron diferencias significativas en las
concentraciones plasmaticas de colesterol total, triglicéridos y LDL en ninguno de los momentos de evaluacion (p>0.05). El
grupo EC disminuy las concentraciones de VLDL 12 horas después de la sesion de ejercicios, en comparacion al grupo ERy
GC (p<0.05); y aumento significativamente las concentraciones de HDL con relacién al grupo ER (p<0.05). De este estudio se
puede concluir que en las mujeres postmenopausicas con sobrepeso participantes, el EC puede tener efectos agudos mas
favorables en el metabolismo de lipidos que el ER, prolongando su efecto hasta 12 horas después de realizarse.

Acute effects of resistance and concurrent exercise on the lipid profile
of postmenopausal women

Summary

The postmenopausal condition is characterized by a systematic increase in cardiovascular risk factors, including negative
alterations in lipid metabolism. Physical exercise has shown beneficial effects in the regulation of lipemic markers in different
populations; however, its effects are not well understood in postmenopausal women. The aim of the study was to determine
the effects of resisted exercises (RE), concurrent exercises (CE), compared with a control group (CG) on lipid profile in postme-
nopausal women. Thirty-two voluntary postmenopausal women were randomly assigned into three groups; one group
performed a RE session (n = 11), other group a CE session (n = 11) and control group performed flexibility exercises (n = 10).
The basal lipid profile, body composition, muscular fitness were evaluated and the basal metabolic rate (BMR) was calculated
before the study. The lipid profile was evaluated before, immediately after and 12 hours after the specific exercise session.
The results showed that there was no a statistical significant difference among all groups in plasma concentration of total
cholesterol, triglycerides and LDL, in any of the evaluation moments (p> 0.05). After 12 hours of exercise session, the CE group
decreased more VLDL concentrations than the RE group and control group (p <0.05). The CE group increased significantly HDL
concentrations in relation to the ER group (p <0.05). Therefore, it can be concluded that CE had more favorable acute effects on
lipid metabolism than ER, prolonging its effect up to 12 hours after being performed in overweight postmenopausal women.

Nota: Para la realizacién de este estudio bibliogréfico se contd con apoyo econdémico de la Universidad Metropolitana de Barranquilla.
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Introduccion

Las altas concentraciones de lipidos representan un factor de riesgo
transcendental para el desarrollo de las enfermedades cardiovasculares
(ECV), ya que comunmente preceden a la disfuncion endotelial vascular,
protagonizando la formacion de la placa aterosclerdtica y la respuesta
inflamatoria subsiguiente'. Estos fendmenos se asocian con el aumento
en la secrecion de citocinas precursoras de inflamacién, de la expresion
de moléculas de adhesion (ICAM, VCAM-1), del fibrindgeno y de la
actividad de sustancias promotoras de la oxidacion?.

Elejercicio fisico ha demostrado efectos benéficos en la regulacién
de marcadores lipémicos en diferentes poblaciones, asociando al total
de energfa gastada durante el ejercicio como el principal determinante
de los fendmenos metabdlicos subsecuentes®”. La realizacién de una
sesion de ejercicio aerdbico puede disminuir las concentraciones
plasmaticas de lipidos que se asocian a la patogénesis ateroesclerotica,
como las lipoproteinas de baja (LDL) y muy baja densidad (VLDL)?, asf
como también puede aumentar la actividad de la lipoproteina de alta
densidad (HDL) quien juega un papel trascendental en la regulacion
sistémica del exceso de colesterol®. Estudios mas recientes, han evi-
denciado cambios favorables en el perfil lipidico después de una sola
sesion de ejercicio aerébico’®,

Por otro lado, los ejercicios para el fortalecimiento muscular con
resistencias externas o ejercicios resistidos (ER), se asocian principal-
mente con respuestas en el sentido funcional de la fuerza y resistencia
anaerdbica’. Los ER son catalogados como una medida para la preven-
cion de enfermedades cronicas y eventos agudos catastroficos, como
infartos o isquemias cerebrovascular'. El rol preventivo del ER tendria
su razén de ser debido a su repercusidn sobre la asimilacion de lipidos
y sobre la regulacién de los marcadores pro y anti-inflamatorios en el
organismo, durantey principalmente, después de la ejecucion del ejer-
cicio'"2. Pocos estudios han evaluado como una sesion de ER modifica
los marcadores lipidicos en el torrente sanguineo.

La combinacion de ERy ejercicios aerdbicos, actualmente conocido
como ejercicios concurrentes (EC), ha demostrado tener efectos bene-
ficios sobre el estado de salud y condicion fisica general si es ejecutado
de manera regular’®. No obstante, se ha observado beneficios, asi como
también mejoras en el perfil lipidico y en la aptitud fisica general en
poblaciones vulnerables, como en personas con obesidad y mujeres
postmenopausicas'.

Después de la menopausia, el riesgo de desarrollar ECV en mujeres
aumenta®, este aumento de la vulnerabilidad esta relacionado con la
disminucion de los niveles del estrogeno, hormona que parece ejercer
un papel protector contra el padecimiento de ECV en las mujeres,
promocionando un perfil lipidico anti-aterogénico, perfil inmunolé-
gico anti-inflamatorio y por accion directa sobre las paredes de los
vasos sanguineos, evitando asi la disfuncion del endotelio vascular'.
Las alteraciones fisioldgicas, metabdlicas y morfoldgicas asociadas se
caracterizan por disminucion en el nivel de actividad fisica, el aumento
de indice de masa corporal (IMC), disminucién en la masa muscular
(sarcopenia), disminucion en el metabolismo basal, el aumento en las
concentraciones de triglicéridos (TG) y LDL'2. La adopcién del ejercicio
fisico en el estilo de vida de esta poblacion, puede inducir a la incidir
positivamente en varios de los factores de riesgo cardiovascular, como

reducir la masa grasa corporal y regular algunos de los marcadores
lipémicos de forma aguda®.

El propdsito de este estudio fue determinar el efecto agudo que
tiene sobre el perfil lipidico de mujeres postmenopausicas la realizacion
de una sesion de ER y una sesion de EC, comparados con un grupo
control.

Material y método

La presente investigacion corresponde a un estudio cuasi-expe-
rimental con aleatorizacion y ciego simple, de exposicion-respuesta,
basado en los cambios agudos que proporcionan en dos grupos
experimentales, dos modalidades de ejercicio fisico en marcadores
bioguimicos sanguineos especificos, comparados con un grupo control.

Sujetos

L.a muestra consistio en un total de 32 mujeres posmenopausicas
voluntarias, trabajadoras de la Fundacién Hospital Universitario Metropo-
litano en la ciudad de Barranquilla, con un promedio de edad de 54,66
+ 4,04 afos, reclutadas a través de la oficina de bienestar laboral. Los
criterios de inclusion fueron mujeres post menopausicas sin medicacion
hormonal sustitutiva. Fueron excluidas aquellas que participaran en
algun tipo de entrenamiento resistido durante 6 meses antes del estu-
dioy las que tenfan un historial médico con enfermedades endocrinas
graves, metabdlicas y/o neuromusculares, determinados en la valoracién
realizada por un médico con especialidad en medicina interna. Antes
de la participacion, cada uno de los sujetos objeto de estudio fueron
informados cuidadosamente del disefio del estudio, especialmente
los posibles riesgos y molestias relacionadas con los procedimientos,
posteriormente dieron su consentimiento informado por escrito.

Consideraciones éticas

El presente estudio se realizd de acuerdo a los estandares éticos en
ciencias del ejercicio’®, de la Asociacion Médica Mundial y Ia Declaracién
de Helsinki. El protocolo fue aprobado por el comité de ética e inves-
tigacion Institucional de la Universidad Metropolitana de Barranquilla,
Colombia.

Disefo experimental

La totalidad de sujetos objeto de estudio (n=32) fueron divididos
aleatoriamente en 3 grupos, dos experimentales que llevan a cabo una
sesion de ejercicios resistidos (ER, n=11) y una sesién de ejercicios con-
currentes (EC, n=11), respectivamente; y un grupo control sin ejercicios
con gasto energético de consideracion (GC, n=10).

Previo a la realizacion del protocolo experimental, las mujeres fueron
citadas para una evaluaciéninicial de las variables musculo esqueléticas
(fuerza dindmica méaxima y capacidad funcional de miembros inferio-
res), la composicion corporal (% de grasa y masa magra), valoracion
antropométrica (talla, peso y perimetro abdominal), tasa metabdlica
basal y monitorizacion del comportamiento nutricional de acuerdo a
los protocolos que se describen a continuacion:
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Fuerza dindmica mdxima

Con el fin de determinar la fuerza dindmica méxima de los diferentes
segmentos corporales de las mujeres, fueron empleados pruebas de
una repeticion maxima (1RM) para los grupos musculares que realizan
los ejercicios resistidos en que se basan los grupos experimentales. La
carga maxima de cada sujeto fue determinada con no més de 5 intentos
con una recuperacion de 4 minutos entre los intentos.

Evaluacién de la capacidad funcional de miembros
inferiores

El test de sentarse y levantarse en 30 segundos (30 second sit-to-
stand test) mide la capacidad funcional de los miembros inferiores. La
prueba se realizd de la siguiente manera: la posicion inicial fue sentado
en el centro de una silla (altura 43 cm), con la espalda recta y los pies en
una superficie plana colocados sobre el ancho de los hombros, los brazos
cruzados a la altura del pecho, con un dngulo de aproximadamente 90°
de flexion de cadera y rodilla. A una sefal verbal, los participantes se
levantaron a bipedestacion y luego volvieron a la posicion inicial senta-
dos. Se alentd a las participantes que completaran tantas repeticiones
como sea posible dentro de un periodo de 30 segundos.

Evaluacién antropométrica, composicién corporal y tasa
metabdlica basal

Se realizd la valoracion antropométrica de las mujeres, determi-
nando la talla, peso, y perimetro abdominal utilizando una balanza
digital, estadiémetro y cinta métrica marca SECA, de acuerdo a las
indicaciones descritas en la resolucion 2465 del Ministerio de Salud de
Colombia'’, a partir de los datos obtenidos se calculé el IMC. Utilizando
el impedanciémetro bioeléctrico marca Tanita (TBF-300WA Wrestling
Body Composition Analyzer) fue determinada la composicion corporal,
calculando el porcentaje de grasa corporal y de masa magra. La Tasa
Metabdlica Basal (TMB) fue calculada con la férmula de Harris-Benedict,
modificada con el factor de actividad fisica (+ 20%): TMB = [655,0955 +
(9,5634 x peso enkg) + (1,8449 x alturaen cm) - (4,6756 x edad en afos)].

Monitorizacion y direccionamiento del comportamiento
nutricional

El dia de la valoracion inicial se proporciond un documento impreso
en el cual los sujetos objeto de estudio, previa explicacion detallada
de la nutricionista, registraron su comportamiento alimentario 3 dias
previos a la realizacion del protocolo experimental. Esto con el fin de
contrarrestar resultados en el perfil lipidico inverosimiles, derivados del
consumo de alimentos cargados excesivamente de grasa, con esto, se
intento reducir las alteraciones en los resultados obtenidos, subsecuen-
tes a comportamientos nutricionales atipicos.

El dia del protocolo experimental, fue controlada la ingesta de
alimentos estandarizando el consumo calérico previo a la realizacion
de ejercicios a un 60% de la TMB con factor de actividad fisica para cada
caso. La estrategia incluyo un desayuno (cereales y frutas), una merienda
(cereales) y unalmuerzo (carne de pollo, papas y verduras). Toda laingesta
fue preparada, proporcionaday controlada por un nutricionista. Este pro-
cedimiento tuvo como objetivo, garantizar que al momento de ejecutar

la sesion de ejercicios, las concentraciones de lipidos estuvieran influen-
ciados por conductas nutricionales similares y en cantidades especificas
para cada caso individual. La Ultima ingesta de alimentos para cada caso,
fue programada con al menos 3 horas previas a la realizacion de ejercicios,
alentando a los participantes a mantenerse hidratados solo con agua.

Perfil lipidico basal

Este procedimiento se realizé a todos los sujetos en un dia previo
a la realizacién de ejercicios, en condicion de ayuno de al menos 12
horas, las mujeres miembros de los grupos asistieron en las horas de
la mafana a las instalaciones del laboratorio clinico de la Fundacion
Hospital Universitario Metropolitano donde se le realizd la extraccion
de 5 ml de sangre para la determinacion del perfil lipidico basal, que
incluye el andlisis de las concentraciones séricas de Colesterol Total (CT),
HDL, LDL, VLDL y TG.

Protocolo experimental

En un periodo maximo de semana después de la evaluacién del
fitness muscular, un nuevo encuentro fue programado con los sujetos
objeto de estudio, a las 5:00 pm, en las instalaciones del gimnasio del
Servicio de Fisioterapia de la Fundacién Hospital Universitario Metropo-
litano. A la llegada de las sujetos, inicialmente el nutricionista autorizéd
la sesion de ejercicios a las mujeres sin comportamientos nutricionales
atipicos que pudiesen interferir en los resultados y que siguieron co-
rrectamente los procedimientos alimentarios, basados en la revision del
documento de monitorizacién nutricional.

Muestras de sangre fueron extraidas a las mujeres por una bacterié-
loga experta, para la evaluacion del perfil lipidico antes, inmediatamente
terminada la sesion de ejercicios y 12 horas después, en la mafiana del
siguiente dfa (en condicion de ayuno). Las muestras sanguineas fueron
entregadas en el laboratorio para su analisis inmediatamente después
de serextrafdas. Las sesiones de ejercicios por cada grupo experimental
y el grupo control se describen a continuacion:

Protocolo de ejercicios

Los sujetos del grupo de ER realizaron un calentamiento de 10 min,
que consistfa en una caminata (5 min) y movilizacién articular general
(5 min), luego ejecutaron un total de 8 ejercicios resistidos (1. Leg Press;
2. Extension de rodilla en maquina; 3. Flexion de rodilla en maquina; 4.
Flexion de codo con mancuernas; 5. Extension de codo con mancuernas;
6. Aduccion de hombros con mancuernas desde abduccion en decubito
supino; 7. Serrucho unilateral;y 8. Abdominales con peso libre), cada uno
a 3 seriesy cada serie a 15 repeticiones, con una intensidad del 75% de
1RM, la duracion total aproximada de dicha sesion fue de 40 minutos.

El grupo de EC realizaron inicialmente un calentamiento de 10
min, que consistia en una caminata (5 min) y movilizacién articular
general (5 min), seguidamente realizaron los mismos ejercicios que el
grupo de ER, solo que cada ejercicio se realizaba por solo una serie a
15 repeticiones, al 75% de TRM. Posteriormente realizaban 20 minutos
de pedaleo continuo en cicloergdbmetro a una intensidad entre el 70
y 80% de la frecuencia cardiaca maxima, la duracion total aproximada
de esta sesion de ejercicios fue de 40 minutos.
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Porindicacion implicita del comité cientifico y de ética de la Univer-
sidad Metropolitana de Barranquilla, los sujetos que componen el grupo
control (GC) no podian quedar sin alguna intervencién que favoreciera,
desde cualquier punto de vista, la salud fisica de los sujetos. Por ello, se
decidié que los miembros de este grupo realizaran una serie de ejercicios
de estiramientos pasivos que ha demostrado no tener implicaciones
metabodlicas en el metabolismo de lipidos'®. La sesién de consistid en un
calentamiento de 10 minutos (5 minutos de caminata libre y 5 minutos
de movilizacion de articulaciones) y 30 minutos de estiramientos dirigi-
dos. La duracion promedio de esta sesion fue de 40 minutos.

Finalizado cada una de las sesiones de ejercicios, los sujetos fueron
instruidos a consumir solo agua sin ningiin componente caldérico, hasta
la mafana del dia siguiente, cuando en condicién de ayuno se extrajo la
muestra de sangre correspondiente a 12 horas post la sesion de ejercicio.

Andlisis estadistico

Se realizé un andlisis estadistico descriptivo y comparativo con
medidas de medias con respectivas desviaciones estandar. El test de
normalidad utilizado fue el de Shapiro-Wilk y el Levene para la homo-
geneidad. Posteriormente, fue empleado el Test de Andlisis de Varianza
(ANOVA) two-way, intra-grupos y entre grupos. Cuando fue pertinente,
fue considera como prueba post hoc el test de Bonferroni. El nivel de
significancia fue de p <0.05, considerdndolo en todos los anlisis.

Resultados

Los resultados de la valoracion inicial de las mujeres, mostro que
la asignacion al azar no produjo diferencia significativa entre ninguno
de los grupos y para ninguna de las variables de rendimiento antes de
ejecutar el protocolo experimental (Tabla 1). El IMC en la totalidad de las

mujeres estuvo en un rango entre 25,02 y 37,58, siendo entre 25y 30 en
23 mujeres, mayor de 30 en 8 mujeres consideradas con obesidad tipo
l'y solo una mujer tuvo un IMC por encima de 35, siendo considerada
con obesidad tipo II, la distribucion de las mujeres con obesidad fue
equitativa en los tres grupos. El valor de circunferencia abdominal estuvo
en unrango entre 84a 110 cm, estando todas las mujeres con obesidad
abdominal acorde con los criterios establecidos por la resolucion 2465
de 2016". Los valores promedio de todas las variables analizadas en
la valoracién inicial de las mujeres para la poblacion total y para cada
uno de los grupos experimentales y control se describen en laTabla 1.

La comparacién estadistica de los valores promedio entre los
grupos experimentales, de las variables del perfil lipidico basal en
ayunas y en cada uno de los momentos estipulados en el protocolo
experimental (antes, inmediatamente después y 12 horas después
del ejercicio), muestran que las sesiones de ejercicio realizadas por los
grupos ERy EC no tienen variaciones significativas (p>0.05) en relacion
al colesterol total, triglicéridos y LDL. La evaluacion de las VLDL, mostro
ser de manera estadisticamente significativa, mas baja en las mujeres
del grupo EC 12 horas después de la sesion de ejercicios, comparado
con los grupos ER y GC. Se observé también que las HDL a las 12 horas
post ejercicio fueron estadisticamente superiores en el grupo de EC en
relacién al grupo ER (Tabla 2).

EnlaTabla 3 se pueden observar las proporciones de variacién den-
tro de los grupos, para cada uno de los componentes del perfil lipidico
en ayunas, comparando el andlisis basal con el recolectado 12 horas
después de la sesion de ejercicios correspondiente. No se encontraron
diferencias estadisticas para ninguna de las variables en la comparacién
de medias entre momentos (p>0,05). La media con mayor variacién
en el andlisis del CT fue la del GC, disminuyendo 10,1%, seguida del
grupo ERy EC, con una disminucion del 9,8% y 3,5%, respectivamente.
El grupo EC mostro mayor proporcion de variacion en el andlisis de los

Tabla 1. Caracteristicas de sujetos miembros de los diferentes grupos.

Variable Poblacion total (n=32) Grupos experimentales P3valor
ER (n=11) EC (n=11) GC (n=10)
Edad (anos) 54,65+4,04 54,82+3,46 54,63+4,59 54,50+4,43 0,98
Caracteristicas antropométricas
Peso (kg) 71,31+9,29 70,31+£9,44 71,88+10,32 71,80+8,85 0,91
IMC (kg/m?) 28,52+3,33 27,76%3,28 29,03+3,70 28,82+3,16 0,64
Grasa corporal (%) 36,73+4,68 36,79+4,05 37,04+4,39 36,34+5,97 0,94
Masa magra (%) 44,20+5,69 44,48+3,58 42,66%8,45 45,60+3,58 0,50
Perimetro abdominal 96,23+7,61 94,88+7,56 97,09+8,63 96,78+7,28 0,77
Fuerza y capacidad funcional
1RM extension rodilla (kg) 22,78+ 4,57 22,36+4,57 23,45+4,20 22,50+5,34 0,84
1RM flexién de codo (kg) 11,15+ 3,69 11,45+4,11 10,36+2,50 11,70+4,47 0,68
30" sit-to-stand test (reps) 10,71+2,54 10,55+3,14 10,36+2,38 11,30+2,11 0,68
Requerimientos energéticos (Kcal)
TMB 1374,4£104,26 1364,32+94,76 1374,95+116,11 1384,98+110,61 0,90
TMBAF 1649,3£125,11 1637,19+113,71 1649,92+139,33 1661,97+132,73 0,90

Valores promedio de las variables analizadas en la valoracién inicial de las mujeres para la poblacion total y para cada uno de los grupos experimentales. Valor de P* muestra la significancia
estadistica al comparar los valores promedio de las variables en los tres grupos experimentales. TMB: tasa metabolica basal; TMBAF: tasa metabdlica basal con factor de actividad fisica.
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Tabla 2. Comparacion entre grupos del perfil lipidico en ayunas basal, antes, inmediatamente después y 12 horas en ayuno después de

las sesiones de ejercicios.

Perfil lipidico (mg/dL) Grupos experimentales P2 valor
ER (n=11) EC (n=11) GC (n=10)
cT
12 horas ayuno basal 214,36+21,86 217,52+33,05 217,10+38,09 0,93
Pre ejercicio 228,45+73,34 220,18+68,08 222,00+70,16 0,95
Inmediatamente post ejercicio 244,09+66,86 249,27+67,39 213,10+£59,38 0,40
12 horas ayuno post ejercicio 193,18+28,18 209,81+33,80 195,20+35,61 0,43
TG
12 horas ayuno basal 171,09+71,73 167,36+44,12 172,00+£51,76 0,98
Pre ejercicio 226,27+96,56 204,63+87,56 222,80+87,21 0,41
Inmediatamente post ejercicio 252,21+102,21 198,09+82,62 250,81+104,09 0,54
12 horas ayuno post ejercicio 166,18+63,93 144,00+29,50 175,50+£54,90 0,36
LDL
12 horas ayuno basal 135,95+15,59 140,63£18,60 137,35+32,48 0,88
Pre ejercicio 131,50+54,36 126,874+49,33 119,05+52,36 0,85
Inmediatamente post ejercicio 137,61+£49,15 148,65+£50,12 105,00+48,63 0,12
12 horas ayuno post ejercicio 140,46+39,22 155,94+47,84 130,40+23,06 0,32
VLDL
12 horas ayuno basal 31,05+13,84 30,04+9,55 32,02+14,26 0,92
Pre ejercicio 45,25+19.31 40,92+15,38 44,56+20,72 0,84
Inmediatamente post ejercicio 50,45+29,74 39,61+16,45 50,16+29,86 0,54
12 horas ayuno post ejercicio 33,23+12,782 23,34+5,50° 37,10+20,80° <0,05
HDL
12 horas ayuno basal 42,59+7,19 48,76+6,53 46,13+8,24 0,15
Pre ejercicio 51,70+11,30 52,38+10,36 58,39+21,18 0,53
Inmediatamente post ejercicio 56,02+9,12 61,05+7,99 57,94+16,03 0,59
12 horas ayuno post ejercicio 48,42+9,05° 56,90+7,40° 52,71+8,43% <0,05

Valores promedio por grupo de CT: colesterol total; TG: triglicéridos; HDL: lipoproteina de alta densidad; LDL: lipoproteina de baja densidad; VLDL: lipoproteina de muy baja densidad, basal,
antes, inmediatamente después y 12 horas después del ejercicio. La comparacion de los promedios entre los tres grupos es significativa cuando P*<0,05. Los promedios en las filas que no
comparten la misma letra del superindice (a, b) son estadisticamente diferentes.

Tabla 3. Variaciones intra-grupos de los componentes del perfil lipidico en ayunas frente al ejercicio fisico.

Variable Basal Post ejercicio A% P-valor
Colesterol total (mg/dL)

ER 214,36+21,86 193,18+28,18 -9,8 0,06
EC 217,52+33,05 209,81+33,80 -3,5 0,59
GC 217,10+38,09 195,20+35,61 -10,1 0,16
Triglicéridos (mg/dL)

ER 171,09+71,73 166,18+63,93 -2,9 0,86
EC 167,36+44,12 144,00+29,50 -13,9 0,15
GC 172,00£51,76 175,50+£54,90 +2,0 0,87
LDL (mg/dL)

ER 135,95+15,59 140,46+39,22 4F3),3) 0,72
EC 140,63+18,60 155,94+47,84 +10,9 0,19
GC 137,35+32,48 130,40+23,06 50 0,58
VLDL (mg/dL)

ER 31,05+£13,84 33,23+12,78 +7,0 0,70
EC 30,04+9,55 23,34+5,50 -22.3 0,39
GC 32,02+14,26 37,10+20,80 +15,8 0,53
HDL (mg/dL)

ER 42,59+7,19 48,42+9,05 +13,6 0,13
EC 48,76+6,53 56,90+7,40 +16,7 0,13
GC 46,13%8,24 52,71+£8,43 +14,26 0,06

Valores promedio y proporcién de variacion del perfil lipidico por grupos. HDL: lipoproteina de alta densidad; LDL: lipoproteina de baja densidad; VLDL: lipoproteina de muy baja densidad,
basal, antes, inmediatamente después y 12 horas después del ejercicio.
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TG, disminuyendo 13,9% frente a un 2,9 del ER, mientras que en el GC
aumento 2,0%. Enlos grupos ERy EC la tendencia del LDL fue aumentar,
mientras en el GC disminuyo un 5,0%. Solo en el grupo EC se observé
una atenuacion de las concentraciones plasméticas de VLDL en el pe-
riodo post-ejercicio (22,3%), aumentando las concentraciones de esta
variable en el grupo ER (7,0%) y GC (15,8%). La tendencia del HDL en el
andlisis post-ejercicio fue aumentar en todos los grupos.

Discusion

Para cada individuo, el metabolismo de los lipidos a nivel sistémico
es dependiente de muchos factores, incluyendo la alimentacion, el
estado de salud fisica y el gasto energético diario. Este estudio preten-
dié evidenciar en una poblacién de mujeres postmenopdusicas con
caracteristicas similares, la influencia de las diferentes modalidades de
ejercicio fisico planteadas, comparado los resultados de los momentos
de evaluacion (basal, pre ejercicio, inmediatamente post-ejercicioy 12 h
post-ejercicio) entre los grupos experimentales. Ademas, se procurd
mostrar la posible influencia del ejercicio fisico en la variacion del per-
fil lipidico en ayunas dentro de cada grupo, aunque esta claro que la
influencia del ejercicio fisico no es el Unico factor determinante de las
variaciones del perfil lipidico, ya que en funcién del tiempo, el déficit
energético generaly los mecanismos de reposicion fisioldgica varian de
sujeto a sujeto. Lo que realmente esimportante clarificar es que, aunque
existe limitaciones en cuanto al control de los factores bioldgicos y
comportamentales que influyen en el perfil lipidico, el gasto energético
adicional que supone la realizaciéon de ejercicio, influye en la magnitud
de las respuestas fisiolégicas que regulan el metabolismo de lipidos y
otros sustratos energéticos.

Los andlisis de los resultados derivados de la presente investigacion,
se basan en las respuestas agudas de las modalidades, volumenes e
intensidades de ejercicio fisico planteadas, sobre los lipidos encontrados
en el plasma sanguineo. Estas respuestas no han sido dilucidadas com-
pletamente en mujeres postmenopausicas, poblacién con una relativa
vulnerabilidad al padecimiento de ECV. La interpretaciéon de repuestas
en momentos subsecuentes a la realizacion programada de ejercicio
fisico, goza de gran importancia debido a que permite entablar una
descripcion Util de la fisiologia del cuerpo humano, intentando respaldar
la nocién en la que se argumentan los beneficios del ejercicio fisico no
solo durante su ejecucion, sino en las horas posteriores, en un periodo
de recuperacion y reorganizacion fisioldgica.

Hallazgos en la literatura asocian a la realizacion periddica de
ejercicio fisico con cambios en variables metabdlicas y funcionales,
principalmente en combinaciones de ejercicios resistidos con ejercicios
aerdbicos®'®. Para que existan cambios en IMC, el peso y porcentaje de
grasa corporal es necesario implementar programas de ejercicios a largo
plazo, lo que se convierte en un limitante de la presente investigacion,
ya que una sola sesion de ejercicios no produce cambios en la compo-
sicion corporal. Sin embargo, se ha observado que una sola sesion de
ejercicio puede modificar el perfil lipidico de jovenes, adultos y sujetos
con diversos trastornos.

La implementacion del ER de manera sistematica por mas de 8
semanas, ha mostrado hallazgos asociados a la reduccién de las concen-

traciones séricas de CT, TGy LDL, asf como el aumento de las concentra-
ciones de HDL?, aunque resultados de otros estudios discrepan, como
el estudio de Kelley et al?', donde alegan que en diferentes periodos de
ER (por ejemplo, entre 8 a 20 semanas) no se producen cambios sobre
las concentraciones lipoproteinas en el plasma sanguineo.

Refiriéndonos a los efectos agudos de una sesion de ejercicios,
estos se asocian principalmente con el aumento en las concentraciones
de HDL. De acuerdo a lo observado por Wallace et al??, en un estudio
con hombres adultos sanos mostraron un aumento de 12% en las
concentraciones plasmaticas de HDL dentro de las primeras 24 horas
después de una sesion de ER, con alto volumen e intensidad moderada
(7 ejercicios de 3 series y 12 repeticiones al 80% de la fuerza maxima),
ademds de encontrar una disminucion del 20% en las concentraciones
deTGen el mismo periodo. Resultados muy similares a los encontrados
en el presente estudio, el grupo de ER registrd un aumento del 13,6%
enla HDL con relacion a sus registros basales, no encontrando grandes
modificaciones enlos TG 12 horas después de la realizacion del ejercicio.

Comparado con el grupo de controles, los sujetos que conforman
el grupo ER no presentaron diferencias en las modificaciones de LDL y
HDL, dato que refuta los hallazgos del estudio de Correa et al.??, donde
en mujeres postmenopdusicas, los ejercicios resistidos de alto o bajo
volumen no redujeron las concentraciones de CT,como tampoco influyo
en los niveles de LDL y VLDL, tanto en valores basales como en andlisis
postprandiales. En la poblacion estudiada, estos resultados asociarfan
a los ejercicios resistidos a respuestas agudas débiles con respecto al
metabolismo de lipidos. Sin embargo, es necesario que exista mas
evidencia que soporte dicha afirmacion, especialmente teniendo en
cuenta que la variabilidad en las prescripcion de los ejercicios resis-
tidos en cuanto a volumen, intensidad, numero de ejercicios, grupos
musculares, intervalos de recuperacion y velocidad de contraccion,
puede demostrar resultados disimiles en combinaciones alternas a las
planteadas en este estudio.

Una tendencia denotada en los resultados del perfil lipidico antes
e inmediatamente después de la sesion de ejercicios, fue que ningu-
na de las variables mostro diferencia estadistica entre los grupos. Sin
embargo, a las 12 horas después del ejercicio, el grupo que combino
ejercicios aerdbicos y resistidos evidenci¢ diferencias con el grupo ERy
el control, demostrando una reduccién importante de laVLDL, rondando
aproximadamente el 229% con relacion a los registros basales en ayunas
del mismo grupo. Parece ser que la realizacion de ejercicios aerdbicos
impacta de mejor manera el metabolismo energético de mujeres
postmenopdusicas que solo hacer ejercicios resistidos, el estudio de
Weise et al°, demostrd en esta poblacion que una sesiéon de ejercicio
aerobico puede disminuir 8,5% las concentraciones de TG y aumentar
un 5% las concentraciones de HDL después de las 12 horas de su reali-
zacion. La magnitud en la variacion de TGy HDL dentro del grupo EC en
el presente estudio mostro mejores resultados que en la investigacion
mencionada con anterioridad, disminuyendo los TG un 13% y aumen-
tando la HDL hasta un 16,7% 12 horas después de su realizacion. Este
hallazgo puede ser unindicador de que la combinacion de actividades
aerdbicas y anaerébicas repercute de mejor forma en el metabolismo
de lipidos de forma aguda en postmenopausicas.

Los resultados anteriores pueden sugerir que dosis altas de
ejercicios resistidos no estimulan la formacién de HDL, debido a que
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probablemente la movilizacion inversa de lipidos (hacia el higado)
esta disminuida por las demandas energéticas derivadas del musculo
esquelético ejercitado, el cual solicitarfa la movilizacion tipica de acidos
grasos. Resultados muy similares a los encontrados en el estudio de
Wooten et al**y Zotou et al*, donde si bien demostraron que hay una
influencia positiva de los ejercicios resistidos en la atenuacién aguda de
los marcadores lipidicos basales y postprandiales en mujeres postmeno-
pausicas, las altas dosis los estos ejercicios no mostraron modificaciones
positivas en las concentraciones sanguineas de HDL.

Son muchos los autores que no solo han mencionado la reduccion
en los niveles de actividad fisica como factor trascendental en poten-
ciamiento del riesgo cardiovascular en mujeres postmenopdusicas,
sino que también encuentran agravantes fisioldgicos que pueden ser
controlados con la realizacion periddica de ejercicio fisico, especialmente
en mujeres con sobrepeso. Segun el Colegio Americano de Medicina
Deportiva, la préctica regular de ejercicios resistidos puede proporcio-
nar mejoras en la salud fisica general de la mujer, asi como ayudar a
preveniry tratar enfermedades relacionadas con riesgo cardiovascular
como la diabetes o hipertensién, por lo que estos ejercicios, bajo la
supervision de especialistas, hacen parte actualmente de programas de
rehabilitacion y acondicionamiento fisico, dirigidos a dicha poblacién.
Es muy poca la evidencia en la literatura que describe las implicaciones
metabdlicas agudas de los ejercicios concurrentes en el perfil lipidico
de mujeres postmenopdusicas, aunque estudios como los de Figueroa
etaly Libardi et al?’ muestran efectos positivos en el control de fac-
tores de riesgo cardiovasculares cuando esta modalidad de ejercicio
se desenvuelve a largo plazo. De los hallazgos més importantes de la
presente investigacion, se puede iniciar a suscitar la idea que argumente
la ejecucién combinada de ejercicios resistidos y aerébicos para lograr
garantizar influencias positivas agudas en el perfil lipidico sanguineo
de mujeres postmenopausicas, lo que a largo plazo, puede convertirse
en un factor protector contra el padecimiento de ECV.

Del anélisis de los resultados del presente trabajo de investigacion
podemos concluir que, en comparacion a la realizacion de una sesion
de ejercicios resistidos, una sesion de ejercicio concurrente, podria influir
de manera positiva el perfil lipidico de mujeres postmenopausicas con
sobrepeso, principalmente 12 horas después de su realizacion, dismi-
nuyendo las concentraciones plasméticas de VLDL y aumentando las
concentraciones de HDL.
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Summary

Higher sweat rate values have been reported during intermittent compared to continuous type exercise in hot conditions in
the laboratory. Studies in the training field are scarce.

Objective: Document sweat rate, rehydration and core temperature (T) during training in long duration-continuous (CON)
and intermittent (INT) type sports, and determine the presence of a mutation in the CFTR gene in athletes with high sodium
concentration ([Na*]) in sweat.

Methods: Athletes (CON =50 and INT=123) were tested during training in tropical climate. Sweat rate, sweat [Na*], T, de-
hydration level, and presence of A F508 gene mutation in the CFTR gene in athletes with high sweat [Na*] were evaluated.
Results: Sweat rate was higherin CON (1.5 £ 0.4 L/h) compared to INT (1.2 £ 0.5 L/h) and CON athletes finished training with
higher dehydration (2.1 £ 0.8 vs 1.2 £ 0.7%) P < 0.05. Sweat [Na*] was higher in INT (62.0 + 21.1 mmol/L) compared to CON
(53.9+ 18.1 mmol/L), P < 0.05. A tennis player with high [Na*] was heterozygous for the AF508 mutation. Average and highest
Tc was similar for CON (38.4 + 0.3 and 38.8 + 0.4 °C) and INT (38.3 = 0.3 and 38.7 + 0.4 °C), P > 0.05.

Conclusion: During training in a tropical climate, sweat loss and dehydration level are lower, and fluid intake is higher in
intermittent compared to continuous type sports. Core temperature may rise to a similar level in intermittent type sports due
to the repeated high intensity bouts and/or the effects of clothing worn while training in hot venues. Healthy athletes with
high [Na*] in sweat who are heterozygous carriers of CFTR mutations may be at increased risk for hyponatremic dehydration
and whole-body muscle cramps.

Sudoracién y temperatura interna en atletas durante entrenamiento
para deportes continuos e intermitentes en clima tropical

Resumen

Se reportan tasas de sudoracién mas altas durante ejercicio intermitente comparado con continuo en condiciones de calor
en el laboratorio. Estudios en el campo de entrenamiento son escasos.

Objetivo: Documentar la tasa de sudoracion, rehidratacion y temperatura central (T ) durante entrenamiento para deportes
de tipo continuo (CON) e intermitente (INT), y determinar presencia de mutacion genética en el gen CFTR en atletas con alta
concentraciéon de sodio ([Na*]) en sudor.

Metodologia: Se evalu¢ la tasa de sudoracion, la [Na*] en sudor, la T, y el nivel de deshidratacion en atletas (CON =50; INT
=123) durante entrenamiento en clima tropical, y la presencia de la mutacion genética AF508 en el gen CFTR en aquellos
con alta [Na*] en sudor.

Resultados: La tasa de sudoracion fue mayor en CON (1,5 £ 0,4 L/h) comparado con INT (1,2 £ 0,5 L/h) y los atletas en CON
terminaron el entrenamiento con mayor deshidratacion (2,1 £ 0,8 vs 1,2 £ 0,7%) P < 0,05. La [Na*] en sudor fue mas alta en
INT (62,0 £ 21,1 mmol/L) comparado con CON (53,9 £ 18,1 mmol/L), P < 0,05. Un tenista con alta [Na*] era heterocigoto para
la mutacion AF508. La T_promedio y més alta fueron similares para CON (384 + 0,3y 388 +0,4°C) e INT (383 £ 0,3y 38,7 +
04°C), P >0,05.

Conclusién: Durante el entrenamiento en clima tropical, la pérdida de sudor y el nivel de deshidratacion son mas bajos, y la
ingesta de liquido es mas alta en deportes intermitentes que en deportes continuos. La temperatura interna puede aumentar
a nivel similar en deportes intermitentes debido a periodos repetidos de alta intensidad y/o la vestimenta usada durante el
entrenamiento. Atletas saludables con alta [Na*] en sudor que son heterocigéticos para mutaciones de CFTR pueden estar
en mayor riesgo de deshidratacion hiponatrémica y calambres musculares.

Support: This study was supported in part by the “Comité Organizador de los Juegos Centroamericanos Mayagtiez 2010"and the Puerto Rico Science, Technology & Research Trust.
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Introduction

Exercise in tropical environments may cause considerable eleva-
tions in core temperature that contribute to high sweat production
and sodium loss, impairment in athletic performance’and heat related
illnesses? The risk is higher if athletes begin training in a state of body
fluid deficit and do not drink enough during exercise to replenish
losses?. Sweat losses of 1 to 2 L/h are common during training and
competition in hot and humid tropical environments and may reach or
exceed 2.5 L/h in heavy sweaters. Heat acclimatized elite athletes with
high sweat production that train for long duration-continuous type
(CON) sports, are most prone to dehydration. Athletes in intermittent
type (INT) sports, such as team, ball and combat sports, are also at risk
since multiple high intensity time periods elevate metabolic heat pro-
duction and core temperature and induce heavy sweating?. This may
be particularly true in athletes who wear heat-retaining clothing and/
or protective equipment that decreases the effectiveness of heat loss
through the evaporation of sweat.

Athletes with high sweat rates are more susceptible to large electro-
lyte losses in sweat, which have been implicated in the development of
skeletal muscle cramps*. Athletes born and raised in the tropics may be
protected from large sodium losses because regular exposure to high
environmental temperatures induces physiological adaptations in the
sweat glands such as an increased sodium reabsorption which resultin
adecreased sweat sodium concentration ([Na*]) for a given sweat rate”®,
However, a proportion of athletes exhibit “salty sweat” Those whose
sweat [Na*] is typically higher than 55 mmol/L*" may have a reduced
Cland Na* reabsorption across the sweat duct membrane.

Studies have identified persons without cystic fibrosis (CF) have
sweat Na* levels like those of CF patients®. It is possible that some
healthy “salty sweaters," are heterozygous for a CF mutation and have
a malfunction of plasma membrane CF transmembrane conductance
regulator (CFTR) in the sweat glands that results in sweat with high
sodium chloride concentration like CF patients®. Approximately 11in 46
Hispanics carry one mutation of the CFTR gene that causes hypo-absorp-
tion of Na* in sweat gland ducts and high sweat [Na*]'. In the United
States, the most common mutation in the CFTR gene associated to the
development of CF is the deletion of phenylalanine 508 (AF508)'" and
its prevalence in athletes with salty sweat is currently unknown.

Studies in the laboratory have shown that prolonged variable
intensity exercise with periods of high intensity exercise (=15 minutes)
may elicit similar or higher heat storage, core temperature (T), and sweat
production, as prolonged constant intensity exercise with no rest peri-
ods*'#% Studies in the playing field show a predisposition to heat strain
due to hyperthermia and dehydration in American Football players' but
very little is known about other intermittent type or endurance sports
in tropical environments. Particularly lacking are data in female athletes.

The aims of the present observational field study were to: 1) docu-
ment the sweating response and rehydration during training sessions
in tropical climate in CON and INT sports in both genders; 2) investigate
the presence of the AF508 mutation in the CFTR gene in athletes with
high sweat [Na*]; and 3) compare the T_response in a subset of male and
female athletes in CON and INT sports. We hypothesized that athletes

in INT sports would show a lower sweat rate, a lower average T_and a
higher sweat [Na*].

Material and method

Subjects

One hundred and seventy three competitive athletes participat-
ing in long duration-continuous (endurance=50; 30 males [M] and 20
females [F]) or intermittent (ball/team= 94,45 M and 49 F; combat =29,
15 M and 14 F) sports (Table 1) were tested during a typical training
session for their sport. The subjects were recruited from teams in a
Central American and Caribbean competition in the summer in Puerto
Rico and from National teams, top ranked university teams, and recrea-
tional athletes ranked in the top of their age categories in Puerto Rico.
All were natives of tropical countries with a predominantly warm and
humid climate all year long.

All subjects were informed of the purpose and procedures of the
study and written informed consent was obtained. There were 52 ath-
letes between the ages of 17 and 21 who gave their written assent, and
written consent was also obtained from their parents. The study was
approved by the Institutional Review Board of the University of Puerto
Rico, Medical Sciences Campus.

Study design and procedures

Athletes were studied under environmental conditions typical of
training sessions for their sport, and wearing uniforms and equipment
used in competition. This field study design allowed us to collect in-
formation in conditions that are difficult to simulate in the laboratory.
Athletes completed a questionnaire about heat exposure during exer-
cise and past history of muscle cramps. General health status was also
documented to assure they did not have a medical condition that would
affect thermoregulatory or body fluid balance variables.

All subjects were tested during the summer months in Puerto Rico.
The average WBGT (10 am to 4 pm) was 29.9 + 1.6 °C'%. The runners,
cyclists, triathletes, soccer, tennis, and beach volleyball players trained
outdoors exposed to direct sunlight, while the judo, basketball, team

Table 1. Athletes in long duration-continuous (CON) and intermit-
tent (INT) sports.

CON (N=50) INT (N=123)
Endurance Team/Ball
Sports F M Sports F M
Running 8 13 Soccer 10 18
Cycling 7 9 Tennis 3 10
Triathlon 5 8 Basketball 7 0
Team Handball 13 0
Beach Volleyball 16 17
Combat Sports F M
Judo 7 3
Fencing 7 12
Total 20 30 63 60
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handball, and fencing athletes trained indoors in non-air conditioned
gyms. The triathletes were tested while running. All athletes wore official
competition uniforms required for their sport. The judokas and fencers
wore t -shirts and shorts underneath the uniforms.

— Pre-training session. Subjects urinated into a pre-weighed contain-
er. Nude body weight was determined using an electronic scale
accurate to 50 g (precision health scale uc321). After cleaning the
area with distilled water, absorbent patches (Tegaderm +pad,
3m Health Care, Borken, Germany) were applied to the subject’s
right posterior forearm and right anterior thigh for regional sweat
collection in all but the beach volleyball players, in which it was
applied to the right anterior thigh only. Athletes were then fitted
with an accelerometer (Actigraph GTX3; Actigraph, Pensacola, FL,
USA) that was programmed to record activity counts in one-minute
epochs. The cyclists wore the accelerometer on the right thigh.

— Training session. The duration of training was similar to a typical
session for the sport. Training sessions were organized and directed
by the athletes'coaches. Environmental conditions were measured
before, every 30 min, and at the end of training, using a heat stress
monitor (Questemp 32, Quest Technologies, Wisconsin), which was
placed in the training area. Athletes drank voluntarily from labeled
bottles with water and/or sports drinks. Any subject who needed
to urinate during the training session did so into a pre-weighed
container and the volume was measured. The absorbent patches
were removed when saturated and placed in sealed plastic tubes.

— Post-training session. Athletes removed the accelerometer and
clothes, towel dried and pre-training measures were repeated
(urine sample, nude body weight).

— Measures and calculations

— Hydration status. Urine specific gravity (USG) was used as an index of
pre-exercise hydration status'” and determined using a hand-held
refractometer (URC-NE, Atago Clinical, Japan).

— Environmental conditions. Dry bulb (DB), wet bulb (WB), globe
temperature (GT), and relative humidity (RH) were measured on
site. The wet bulb globe temperature (WBGT) heat stress index was
calculated using the following equations: CON sports: (WB x 0.7) +
(GTx0.2) + (DB x 0.1); INT sports: (WB x 0.7) + (GT x 0.3)'®,

— Regional sweat [Na*]. Sweat was extracted from each patch using
a 5-ml syringe and two 100 ul samples were analyzed using anion
selective electrolyte analyzer (Easylyte Plus, Medica, Bedford, MA)
to determine the [Na+].

— Bodyfluid balance. The bottles with the fluid that was used for hydra-
tion during the session were weighed before and after the session
with a scale accurate to 1 g (CS2000 Compact Scale). Sweat loss
was calculated as: change in body mass, corrected for fluid intake
and urine loss. Sweat rate was calculated as sweat loss divided
by exercise duration. The level of dehydration was determined
using the following formula: (body mass pre-training — body mass
post-training) / body mass pre-training.

— Core temperature. Core temperature was measured in 62 athletes
that lived and trained in Puerto Rico (females, CON= 10 and INT=34;
males, CON=13 and INT=5) using ingestible sensors (Cortemp™,
HQ Inc.) before, every 10 minutes, and at the end of training. We
measured T_only in athletes who could satisfy requirements for

valid measurements (sensor calibration, timing of ingestion and
electromagnetic interference). Eight hours prior to the beginning
of the exercise session, each subject swallowed a disposable pill
that contained a temperature sensor for T_determination. Pre-ex-
ercise T_was the value taken after sitting quietly for five minutes in
the exercise area before the start of training. The T_of the exercise
session was the average of measures taken every 10 minutes. The
change inT_was calculated as the highest minus the pre-exercise
T..Afinal measure was taken immediately after the coach indicated
the session had finished.

Genetic analysis

Athletes with a sweat [Na*] = 70 mmol/| were identified for subse-
quent genetic analysis'. Athletes were asked to provide two ml of saliva
which were collected into a DNA genotek’s oragene® DNA self-collec-
tion vial. The container had approximately 2 ml of cell lysis solution or
DNA-preserving fluid, that was mixed with the saliva. Genomic DNA
was assayed for the A F508 mutation in the CFTR gene, using restriction
fragment length polymorphism (Ambry Genetics, Aliso Viejo, CA). As
per standard procudedures, DNA was extracted from saliva and puri-
fied. The purified DNA was digested using restriction endonucleases.
The restriction fragments produced during DNA fragmentation were
analyzed using gel electrophoresis.

Statistical Analysis

Means and standard deviations were calculated for each variable.
Student’s t-tests were used to compare CON and INT in pre-exercise
urine specific gravity, sweat rate, percent dehydration, percent rehy-
dration, minutes of exposure to exercise in the heat in the past month,
activity counts/min, sweat [Na‘], pre, average, change and highest
T, and the WBGT index. An alpha level of P < 0.05 was considered
significant.

Results

Subjects, environmental conditions and training
sessions

Descriptive characteristics of the subjects and training session
characteristics are presented in Table 2. The WBGT index for CON and
INT was > 28 °C, which is typical of tropical countries during the summer
and indicates that all subjects were exposed to a high level of heat stress
without exhibiting symptoms of heat iliness. Activity counts per minute®
revealed that in INT sports the training sessions were of predominantly
light- to- moderate intensity whereas in CON sports they were shorter
and of vigorous intensity. The average time spent training exposed to
solar radiation in the month preceding the study was 17% higher in CON.

Hydration status and fluid balance

Athletes in INT arrived to the training session in a state of hypo-
hydration as evidenced by a mean pre-exercise USG of 1.021 + 0.006.
Athletes in CON had a higher sweat rate (P< 0.05) and finished training
with higher (P < 0.05) level of dehydration (2.1 £ 0.8 vs 1.2 £0.7%) due
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Table 2. Descriptive characteristics of the subjects, environmental conditions and training sessions in long duration-continuous (CON)

and intermittent (INT) type sports.

CON (N=50) INT (N=123)
Females Males Total Females Males Total
N=20 N=30 N=50 N=63 N=60 N=123
Age (y) 26.0+6.5 26.2+54 26.1+5.8 234+52 23.9+4.4* 23.6+4.38
Height (cm) 159.7 £5.5 173.9+7.1 168.2+9.6 167.2+9.4* 179.0 + 8.9* 173.1+£10.9%
Weight (kg) 53.8+5.9 68.5+10.7 626+11.6 65.8+10.2* 76.5£11.2* 71.0+£11.9*%
Training exposed to sun
(min/day in past month) 122.0+63.2 164.3 £83.1 147.4+78.0 96.7 £ 844 147.5 £ 90.0 121.9£90.5
Duration of Training Session (min) 69.6 £ 20.6 78.7 £24.0 75.0+£229 91.6+19.1* 86.8 +20.1 89.2£19.7%
Activity counts (counts/min) 7,695.0+1,666.7 7,189.7+2,367.7 7,414.3£2,078.9 2,421.9£539.6* 2,909.0+882.4* 2,654.7 +760.9%
Minutes at light intensity 1.7£19 8.6+189 56+ 14.4 46.4 £18.2% 326+ 17.2% 39.8+19.0%
(< 1,952 counts/min)
Minutes at moderate intensity 10.4+21.7 16.6 +30.1 13.8+26.6 378+11.6* 45.5+17.1* 41.5+14.9*
(1,952 - 5,724 counts/min)
Minutes at vigorous intensity
(> 5,724 counts/min) 57.1£282 54.9+283 55.9+27.9 6.8 +5.0% 8.7 £8.4* 6.9 +0.6*
WBGT heat stress index (°C) 309+1.1 308+1.7 30.8+1.1 28.9 +1.4* 30.2+1.7 295+1.7%
*Significant difference between CON and INT, P < 0.05.
Table 3. Hydration status and fluid balance in long duration-continuous (CON) and intermittent (INT) type sports.
CON INT
Females Males Total Females Males Total
N=20 N=30 N=50 N=63 N=60 N=123
USG Pre (mg/dL) 1.017 £ 0.001 1.018 £ 0.001 1.017 £ 0.000 1.020 +0.001 1.022 + 0.000* 1.021 + 0.006*
Sweat rate (L/h) 1.3+0.3 1.6+04 1.5+04 0.9+0.3* 1.5+04 1.2 +£0.5%
Dehydration (%IBW) 1.9+0.7 22+08 2.1+08 0.9 +£0.6* 14+0.8* 1.2+£0.7%
Fluid replaced (% of fluid loss) 30.9+20.9 29.3+20.0 29.9+20.1 57.8+27.5% 52.8+19.3% 554+239*%
Sweat [Na*] (mmol/L) 57.2+20.6 57.2£182 53.9£18.1 63.2+226 67.7 £18.7* 62.0£21.1*

*Significant difference between CON and INT, P < 0.05.

to lower fluid replacement. Sweat [Na*] was higher (P < 0.05) in INT
compared to CON and there was no difference between genders and
history of muscle cramps.

Sixty athletes (28% of the group) had a sweat [Na*] >70 mmol/L
and sweat [CI] > 60 mmol/I. Forty-nine of those (82%) provided saliva
samples for genetic analysis. One male tennis player was identified as
having heterozygous presence of the AF508 mutation in the CFTR gene.
He had a history of whole body muscle cramps and his sweat [Na*] was
74.9 mmol/L (average of thigh and forearm regional sweat samples).

Core temperature

We measured core temperature in 23 athletes in CON (females=10;
males=5) and in 39 athletes in INT (females=34; males=5). For this sub-
group, the CON sports were running, cycling, and triathlon and the INT
sports were soccer, basketball, handball, and judo. For the whole group,
the average and highest T_for the session was similar for CON (384 +
0.3and 388 + 0.4 °C) and INT (38.3 + 0.3 and 38.7 £ 0.4 °C), P < 0.05.

In Figure 1 we present the T_before, during and at the end of the
INT training sessions. The judo athletes, who were exposed to a high

Figure 1. Core temperature before, during, and at the end of the
intermittent intensity training sessions.
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+Soccer higher than tennis ans basketball; *Judo higher than soccer and handball; #judo
higher than all; P<0.05.
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level of heat stress while wearing two layers of clothing, showed the
highest values for T_during the final part and at the end of the INT
exercise sessions.

Discussion

The present study examined the body hydration status and
thermoregulatory responses to exercise under tropical conditions in
athletes in continuous and intermittent type sports. The main findings
were: 1) sweat rate and the change in core temperature were higher
in CON compared to INT; 2) low fluid intake resulted in a higher level
of dehydration in CON; 3) a proportion of athletes exhibit “salty sweat”
and one was a healthy carrier of a CFTR gene mutation; and 4) athletes
in INT exhibited maximal T_similar to athletes in CON who trained at
high intensity for longer periods.

Hydration status and fluid balance

Athletes in our study are indigenous to the tropics and have
physiological adaptations induced by repeated exposure to a hot and
humid environment that lead to increased capacity and sensitivity of
the sweat glands?'. The sweat rate values in males (1.6 + 0.4 L/h) and
females (1.3 £0.3 L/h) in CON and in males in INT (1.5 £ 04 L/h) in the
present study are higher than normative data reported for adult male
(142 +0.72 L/h) and female (1.10 + 0.57 L/h) athletes?.

Whole body sweat rate comparisons between continuous and
intermittent type exercise in the heat in controlled, artificial, thermoneu-
tral’? and hot-dry? conditions have revealed mixed results. Drust et al™
found a similar sweat rate during a laboratory-based soccer protocol in
male athletes that ran on a treadmill for 45 minutes either intermittently
(7.5 min exercise/1.2 min rest) or continuously in a thermoneutral en-
vironment. In contrast, Mora-Rodriguez et al* found higher sweat rate
during 90 min of variable intensity intermittent exercise (1.5 min high
intensity/4.5 min low intensity) compared to same amount of work
performed at a constant load in endurance-trained, heat-acclimated
males exercising in hot-dry environment. In the present field study, in
which we did not control for exercise intensity or environmental con-
ditions, we found higher sweat rates in athletes in CON which may be
expected for two reasons: 1) a greater proportion of the CON sessions
were at high exercise intensity; and 2) athletes in CON were exposed
to a higher heat stress.

Our data are consistent with the observation that athletes replace
less than 50% of their sweat losses during exercise and thus, they are
hypohydrated at the end of training. In CON sports opportunities to
drink may be frequent but athletes may be reluctant to drink, to avoid
slowing down and the abdominal discomfort associated with large fluid
consumption. On the other hand, in intermittent type sports, regular
opportunities for hydration are available during substitutions, pauses
in play, time-outs, intermissions, and change of sides of court, which
leads to frequent and better fluid replacement.

Sweat sodium and genetic mutation in CFTR gene

When the sweat rate is high, sodium reabsorption capacity in the
sweat gland can be exceeded resulting in a higher [Na*] appearing in

sweat. However, the linear increase seen in sweat [Na'] as sweat rate
increases can be modulated by heat acclimation®. For example, Buono et
al?® showed that heat acclimation may increase the absorptive capacity
of the sweat gland duct, reducing the sweat [Na*] for a given sweat rate
up to 1 mg.cm? min™. In the present study athletes in CON showed a
lower sweat [Na*] despite their higher sweat rate in comparison to ath-
letes INT, which may be attributed to their higher level of heat exposure
and acclimatization. An advantage of a higher sweat rate coupled with
a lower sweat [Na*] for athletes in CON is a lower risk for developing
hyponatremia during exercise in the heat?.

A factor proposed for high Na* excretion in healthy athletes is the
presence of genetic mutations in the CFTR that affects the CI- channel
in the sweat glands’®. The majority of CF patients have the AF508 muta-
tion and exhibit [Na*] in their sweat that may be up to five times higher
than healthy individuals®. It is estimated that 2% (1 in 46) of Hispanic
Americans are heterozygous carriers of a mutated CFTR gene'®and may
be genetically predisposed to high sweat Na* loss. The prevalence of CF
mutations in athletes with salty sweat is currently unknown.

Areduced ductal luminal membrane expression of the CI'channel
was found in six healthy recreationally active subjects with a mean sweat
[Na*]of 94.9 + 15.2 mmol/I”. However, in that study, none of the subjects
was a carrier of any of the 39 most common CFTR mutations in the
United States. The authors concluded that a full CFTR gene sequencing
of the subjects would be required before excluding a possible genetic
link between excessive Na* loss in sweat and CFTR mutations.

A novel finding of our study was that one of 45 Hispanic athletes
(2%), classified as “salty sweaters”was heterozygous for the AF508 mu-
tation in the CFTR gene. That athlete was a tennis player with a history
of whole body muscle cramps that lead to collapse on court requiring
medical attention.

Core temperature response

During prolonged high intensity exercise, the heat stored is higher
and Tc rises faster when the same amount of exercise is performed in
a variable intensity mode that includes short (1.5 to 7.5 min) high in-
tensity bouts followed by rest periods compared to constant intensity
mode*'3#2" However, if longer bouts (15-30 min) of high intensity ex-
ercise are used, a similar T_rise is observed?**. We found that although
athletes in INT spent the majority of the exercise session at lower exercise
intensity with multiple resting periods, they exhibited a maximal T_
(38.7 + 0.4 °C) similar to athletes in CON (38.8 + 0.4 °C) who trained at
high exercise intensity for most of the session. This response suggests
that the heat stored during the few periods of high exertion was not
dissipated significantly and T_remained elevated instead of decreasing
as expected during low intensity exercise periods.

The highest core temperature response in INT was observed in
judokas who trained in a non-air-conditioned gym (WBGT= 30.0 °C).
Similar to our previous report®, judokas in the present study arrived to
training with a fluid deficit, as evidenced by USG. The combination of
a pre-exercise fluid deficit that worsened during training because of
inadequate fluid Intake, hot and humid environmental conditions, and
insulation properties of the uniform that decreased heat dissipation,
predisposed the athletes to hyperthermia during training. In fact, 8 of
the 9 judokas felt overheated and 7 of them had maximal T_> 39.0 °C.
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Two athletes reached aT_of 39.6 °C and felt dizzy, had a headache, and
stopped training with symptoms of exhaustion. High T_and increased
physiologic strain have been reported in American football athletes
wearing a full uniform while training in similar climatic conditions'.
We believe this to be the first study documenting the rate of T_rise in
judo athletes during training in the heat. Our data indicate that training
in full uniform in a non-air conditioned gym in the tropics predisposes
judo athletes to heat illness and should be discouraged.

Conclusions

This observational field study demonstrates that during training in
a tropical climate, sweat loss and dehydration level are lower, and fluid
intake is higher in intermittent compared to continuous type sports.
Nonetheless, core temperature may rise to a similar level in intermittent
type sports due to the repeated high intensity bouts and/or the effects
of clothing worn while training in hot venues. For athletes in continuous
sports, high sweat rates may not provide a thermoregulatory advantage
in a tropical climate because humidity hinders the evaporation of sweat.
Coaches should pay special attention to factors that may increase fluid
intake, such as availability of cool, palatable fluids, encouragement
to drink, and frequent, short pauses. Healthy athletes with high [Na*]
in sweat who are heterozygous carriers CFTR mutations may be at
increased risk for hyponatremic dehydration and whole-body muscle
cramps during exercise.
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Summary

Objectives: During maturation period in which the immune system of lung tissue is not fully developed, physical exercises
may have a negative effect and cause inflammation. This study aimed to investigate the effects of tapering and Nigella sativa
(NS) hydro-alcoholic extract on the reduction of lung tissue inflammation caused due to increasing interval exercise training
(IIET) during maturation period by histological and stereological methods.

Methods: Nighty-five three weeks old rats after adaption were randomly divided into two control and exercise groups and 19
subgroups. The exercise group carried out a period of six weeks of undulating IIET followed by three weeks of load reduction
performed by three models in two different times. Rats entered the taper phase were administrated by NS supplement in
tapering and control groups. The lung tissue samples were processed by standard paraffin embedding, stained by H&E and
examined by using point counting method through systematic random sampling in stereological study. The results were
analyzed using by two-way ANOVA and LSD post hoc in a=0.05.

Results: The result showed that lIET caused severe inflammation in lung tissue and an increase in infiltration of inflammatory
cells and lymphocytes into the connective tissues surrounding the respiratory air ways, vessels and interstitial lamellae. This
severity of inflammation was considerably and similarly more in comparison to the basic and control groups (p=0.001). Ste-
reological analysis in the taper exercise training groups with NS and without NS as well, reveled a significant decrease in the
degree and intensity of lung tissue inflammation in the examined times in comparison to the IIET group (p=0.001).
Conclusion: Generally it can be concluded that performing NS and a three weeks period of tapering has a noticeable effect
in the reduction of inflammation in lung tissue followed by interval exercise training.

El efecto del taperingy Nigella sativa sobre la estructura histoldgica del
pulmén después de aumentar el entrenamiento de ejercicio de intervalo

Resumen

Objetivos: Durante el perfiodo de maduracion en el que el sistema inmunitario del tejido pulmonar no estd completamente
desarrollado, el ejercicio fisico puede tener un efecto negativo y causar inflamacion. Este estudio tuvo como objetivo investigar
los efectos del tapering y del extracto hidroalcoholico de Nigella sativa (NS) sobre la reduccién de la inflamacion del tejido
pulmonar causada por el aumento de entrenamiento intervalico (IIET) durante el periodo de maduracion mediante métodos
histolégicos y estereoldgicos.

Métodos: Noventa y cinco ratas de tres semanas de edad, después de la adaptacion, se dividieron aleatoriamente en dos
grupos de control y ejercicio y 19 subgrupos. El grupo de ejercicio llevd a cabo un perfiodo de seis semanas de IIET ondulado
seguido de tres semanas de tapering realizadas por tres modelos en dos momentos diferentes. Las ratas entraron en la fase
de tapering y se les administrd un suplemento de NS en ambos grupos. Las muestras de tejido pulmonar se procesaron
mediante inclusién convencional de parafina, se tifieron con H & E y se examinaron mediante el método de conteo puntual
mediante muestreo aleatorio sistemdatico en un estudio estereoldgico. Los resultados se analizaron usando ANOVA de dos
factores y LSD post hoc en o = 0,05

Resultados: Los resultados mostraron que el IIET causé inflamacion severa en el tejido pulmonar y un aumento en la infil-
tracion de células inflamatorias y linfocitos en los tejidos conectivos que rodean las vias respiratorias, los vasos y las lamelas
intersticiales. Esta gravedad de la inflamacion fue considerablemente mayor y similar en comparacion con los grupos basico
y de control (p = 0,001). El analisis estereoldgico en los grupos de tapering con NSy sin NS también, reveld una disminucion
significativa en el grado e intensidad de la inflamacién del tejido pulmonar en las mediciones examinados en comparacion
con el grupo IIET (p = 0,001).

Conclusioén: en general, se puede concluir que la realizacién de NSy un periodo de tapering de tres semanas tiene un efecto
notable en la reduccion de la inflamacion en el tejido pulmonar seguida de entrenamiento de ejercicios a intervalos.
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Introduction

Physical exercises with different intensity create different responses
ontheimmune system function'2 Increase in the volume and intensity
of the exercise training along with a decrease in the recovery time may
cause an overtraining in athletes and affect their immune system?.
On the other hand, physical exercise can be a strong stimulus in the
development of lung inflammation®. Findings of several studies shows
that exercise training load beyond the normal range increases the risk
of upper respiratory tract infection (URTI)?® while moderate exercise not
only decrease these risks but also reinforce the function of respiratory
immune system'®. Researches showed that the URTI symptoms in the
most of the elite athletes are similar to general population®, however,
usual seasonal patterns of URTI are not seen in these athletes’. Itis found
out that short and long term physical exercise trainings with different
grades and intensities affect the immunity and inflammatory factors
in childhood and adulthood period® There are still many unanswered
questions on physical exercise mechanisms influencing inflammatory
index before and during puberty®.

Since mild inflammation in early stages is a helpful protective
response against primary cellular damage factors which eliminates
external invaders and necrotic tissue and also because too much
inflammation causing severe damage to lung tissue can be life-threat-
ening'®, it seems necessary to take some strategies in exercise training
programs including taper to prevent overtraining and immune function
decline'?. Taper can be performed in the forms of frequency reduction,
repetition and intensity of exercise training>'? in different time periods.
One of the hardest challenges for sport science researchers and trainers
is considered as to determine the most appropriate taper program'.
Limited studies about intensity of exercise training during taper period
showed athletes can make use of training intensity reduction programs
in order to improve their performance in competition season'. Some
reports reveled that time execution of swimmers'®, runners'” and bike
riders'® improved due to taper programs. Previous studies suggest the
favorable time period for taper is between 4 to 28 days or even more®'>,
Though many studies have confirmed a two-week period taper, there
have been some reports on the improvement of athletes' performance
due to very short or very long period tapers'?. Thomas et al.* concluded
that the optimal time duration for taper depends on the training before
the taper and no particular time limit can be specified for that.

Today, there are several methods other than taper such as me-
dicinal plants using for reducing the symptoms of inflammation and
boosting the immune system. Among these plants, Nigella sativa L. (NS)
is a medicinal plant known in Iranian traditional medicine. This native
plant has been used for the treatment of headaches, nasal congestion,
asthma, and allergy as well as for boosting the immune system2*?". The
biological properties of the seed of this plant include Anti-oxidative,
anti-inflammatory, anti-tumor, anti-viral and anti-microbial effects as well
as strengthening the immune system?2. Previous studies indicated that
NS has a protective effect in lung injury and pulmonary fibrosis***. Gho-
lamzadeh et al* revealed that NS has an anti-inflammatory effect and
reduces pro/anti-inflammatory cytokine ratio in overtrained animals.
They showed that this effect of NS is more pronounced in overtraining
animals than control or moderate exercise animals. In fact, NS causes

an immunoregulatory effect which somehow homogenizes immune
state during different physiological status®.

Since in the previous studies, the compatibilities of the high
intensity trainings, the effects of taper and NS use during maturation
period as to the inflammatory response of the lung did not come to a
clear conclusion, this study was designed to investigate the effect of
the performing different patterns of taper following a high-intensity
interval training (HIIT) as well as influence of interactive effect of taper
and NS on the microscopic properties of inflammation in lung tissue of
male Wistar rats during maturation period.

Material and method

Animals

In this study, 95 male Wistar rats with an approximate age of 3 weeks
and an average weight of 68+9 g were obtained from Pasteur Institute
of Iran.In order to adaptation, animals (5 rats per cage) were maintained
in transparent polycarbonate cages under controlled environment with
a temperature of 23+2 °C, humidity of 45-55 % and 12:12 hours light/
dark cycle for two week. Throughout all stages of the study, ethics of
working with laboratory animals such as free access to standard pellet
diet and water ad libitum, euthanizing without pain, prevention of pain
associated with surgery and sampling were taken into consideration
according to the international recommendations about clinical and
laboratory animals'researches, ratified in Helsinki and updated in 2008 by
the American Physiology. After one weeks of familiarity with laboratory
and manipulation, the rats were randomly divided into two control and
exercise groups matched for their weight.

Exercise training program

The rats were divided into two control and exercise groups at first.
Then, for getting acquainted with the treadmill, they performed the
exercise training with the main pattern training including increasing
interval training (IIT) but with a lower intensity for two weeks. After
one week period of getting acquainted with the environment and
the treadmill, they performed increasing interval undulating exercise
training for six weeks and that was followed by 3 weeks of load reduc-
tion (taper) carried out by 3 models in two different times. Treatment
and un-treatment with NS supplement was also observed during the
tapering (Table 1). Finally, according to research design and sampling
procedure after 6 weeks increasing interval exercise training, the first
and third week of tapering, the animals were divided into 19 groups
and each group included 5 rats.

The familiarity and compatibility phase included 4 sessions of in-
terval exercise training per week with the speed of 10 to 25 meters per
minute and the slope of zero percent lasting for 15 to 30 minutes. The
increasing interval exercise training program was carried out in the form
of 10 repetitions of 1 minute length and active rests of 2 minute length
minutes in such a way that the total daily workout time for each rat was
30 minutes-long. The animals started the increasing interval exercise
training at the speed of 25 m/min and ended it at the speed of 70 m/
min®. Apart from the main activity, 5 minutes was estimated for warm-
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Table 1. General specification of research protocol.

Weeks of training Familiarization 1 2 3

4 5 6 7 8 9

Age (week) 4 5 6 7

9 10 11 12 13

Control Control orientation

Control

taper control with NS

taper control without NS

Interval training Orientation Training period taper with NS

taper without NS

Table 2. Increasing interval 6-weeks training program.
Week Familiarization First Second Third Fourth Fifth Sixth
Training speed (m/min) 10-25 25-35 30-45 45-55 50-65 60-70 65-70
Rest speed (m/min) 10 10-20 15-25 25-30 25-35 30-35 30-35
Training duration (min) 1 1 1 1 1 1 1
Rest time between replications (min) 2 2 2
Set number 10 10 10 10 10 10 7
Session number per week 4 6 5
Table 3. Three weeks training program for reduced training load.
Last week pattern of increasing Taper program
interval training
Groups All groups First taper Second taper Third taper
(volume) (frequency) (intensity)

Training duration (min) 70 70 70 50
Rest duration (min) 25 25 25 25
Training duration (min) 2 2 2 2
Rest time duration (min) 10 10 10
Replication 6 4 6

ing up and 5 minutes for cooling down. This program was conducted
in 6 weeks and each week included 6 sessions (Table 2). Following the
increasing interval exercise trainings, the rats entered the taper phase
in which NS supplement was used for the taper and control groups?.

Preparation of hydro-alcoholic extract

Fifty five grams of NS powder was weighed with a scale of 0.001
precision and then was soaked in 30% distilled water mixed with 70%
ethanol solution for 72 hours. During this period, the container of the
solution was well sealed with paraffin and was kept at 20 to 25 °C room
temperature. The mixture was stirred with a glassy rod every six hours.
After this period, the mixture was filtered through Whatman filter paper
and its solvent was removed by mild temperature rotary (under 60 °C).
Control and NS tapering groups was treated by extract via oral gavage
at a dose of 500 mg/kg body weight.

Tissue sampling and histological studies

Atthe end of six week period of increasing interval exercise training,
and at the end of the first and the third week of tapering (Table 3), the

animals were euthanized with a mixture of ketamine hydrochloride
(50 mg/kg) and xylazine (10 mg/kg), intraperitoneally and left lung was
removed and fixed in a 10% buffered formalin solution. Lung tissue
samples were dehydrated by passing through a graded series of ethanol
and cleared by xylene and impregnated by paraffin. Tissue processing
was done by histokinette 2000 (Lica, Germany) and samples were em-
bedded in paraffin blocks. Then, 20 to 25 non-serial 5 um sections from
each block were obtained using rotary microtome and stained with
hematoxylin-eosin (H&E). For quantitative and qualitative microscopic
analysis of lung tissue, at least 10 microscopic fields from each section
were examined at X 400 magnification using point counting and based
on systematic uniform random strategy and unbiased stereological stud-
ies by a version 9 stereo-investigator system software (MBF Bioscience,
Micro Bright Field, Inc., Germany). In each microscopic field, 0.016 mm?
of lung tissue were analyzed. Inflammation index of lung tissue was
evaluated using grading scale described by Braber et al.* based on the
frequency and manner of the inflammatory cell presence. A value of 0
was assigned when no inflammation was detectable, a value of 1 was
adjudged for occasional cuffing with inflammatory cells, a value of 2
when most bronchi or vessels were surrounded by a thin layer (one to
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five cells thick) of inflammatory cells, and a value of 3 was given when
most bronchi or vessels were surrounded by a thick layer (more than five
cells thick) of inflammatory cells. Total lung inflammation was defined as
the average of the peribronchial and perivascular inflammation scores?.
All analyses were carried out by one evaluator who was blinded to the
treatment groups.

Statistical analysis

All statistical analyses were performed using the SPSS software
version 21. For the analysis of normal distribution of data, Kolmog-
orov-Smirnov test and for the comparison of the variables among
groups, a two-way analysis of variance (ANOVA) followed by LSD post
hoc test were used. Descriptive statistical data expressed as mean + SD;
differences of p<0.05 was considered as significant and the rejection
of null hypothesis.

Results

The study of histological structure of lung tissue has revealed that
the lung parenchyma was normal in both control and basic groups
(Figure 1-A and B). Structural integrity of lung tissue in taper groups
treated by NS was greater and better than in the taper groups without
NS. Furthermore, among the groups with NS, the third week taper groups

Figure 1. Microscopic view of lung tissue in different groups (H&E,
%200).

A) Normal lung tissue in the basic group; B) Lung tissue in the interval control group; C) IIT
group with aggregation of lymphoid tissue and inflammatory cells around respiratory air
way (solid arrow) and vessels (hollow arrow); D) two weeks control group without NS; E) two
weeks frequency taper group without NS; F) two weeks repetition taper group without NS;
G) three weeks frequency taper group with NS; H) three weeks repetition taper group with
NS; 1) three weeks intensity taper group with NS.

had a better structure and a more integrated alveolus wall. The results
of microscopic investigations showed that IIT had a significant effect on
the lung tissue of rats during maturation period. These results indicated
that the IIT caused severe inflammation in lung tissue and infiltration of
inflammatory cells and lymphocytes into the connective tissue around
the respiratory airway, vessels and interstitial lamellae (Figure 1-C). The
taper exercises could decrease these damages in the lung tissue (Figure
1-Dto 1-F). Although a small amount of emphysema, and mild interstitial
inflammation was observed in some taper groups , this damage was
less in the groups with NS, but the relative inhibitory effect of all three
taper types were rather good (Figure 1-G to 1-l). Among these groups,
the taper group treated with NS in the third week showed a better
improvement in comparison to the other groups.

As itis shown in Figure 2, results indicated that the severity of lung
tissue inflammation in control groups increased until the second week
of tapering (age of 13 weeks) and then decreased. The severity of lung
tissue inflammation in control groups without NS increased as similarly
and significantly as in the basic and interval control groups (age of 11
weeks), (p=0.002). A similar and significant increase of inflammation
has also been observed in the second week control animals with NS
comparing with the basic and interval control groups (p=0.02). There was
not a significant difference in the severity of lung tissue inflammation
in the second week taper groups (age of 14 weeks) with and without
NS comparing with the basic group (respectively p=0.07 and p=0.30).

Figure 3 indicates that the implementation of the 6- week undulat-
ing and IIT (Table 2) during maturation period caused the most severe
inflammation in lung tissue (grade 3) and the occurrence of this inflam-
mation was similarly and significantly more frequent in comparison to
the control and basic groups.

The results showed that the implementation of the three kinds of
taper exercise training programs (frequency, repetition, intensity) fol-
lowing the IIT, could significantly decrease the amount and severity of
lung tissue inflammation (p=0.001) in the studied times in comparison
to interval training (Figure 4). After two weeks of frequency, repetition
and intensity tapering, the degree of lung inflammation decreased 32,
49 and 52 percent respectively compared to the interval training and
this decrease continued until the third week of the tapering (51,52 and

Figure 2. Comparison of lung tissue inflammation in control
groups.
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*and ** show a significant difference comparing with basic and interval control groups
(respectively p<0.05 and p<0.01).
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Figure 3. Comparison of lung tissue inflammation in the basic,
control and increasing interval training groups.
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*** shows a significant difference (p<0.001) comparing with basic and interval control
groups.

Figure 4. Comparison of lung tissue inflammation in interval and
frequency, repetition and intensity taper groups without N. sativa
over two and three weeks of tapering.
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*** shows a significant difference (p<0.001) in three type of tapering comparing with in-
creasing interval training group. ### shows a significant difference (p<0.001) in third week
comparing with second week of frequency taper group.

59 percent respectively in frequency, repetition and intensity taper).
The results as summarized in Figure 4 also revealed that, compared to
frequency and repetition taper groups, intensity decreasing taper group
acted more effectively in the reduction of lung tissue inflammation.

The evaluation of the time effect on lung tissue inflammation
showed that lung tissue inflammation was reduced 27,6 and 15 percent
respectively in the frequency, repetition and intensity taper groups of
the third week compared to the second week (Figure 4). This reduction
was significant only in frequency taper (p=0.001, p=0.60 and p=0.195
respectively in frequency, repetition, and intensity groups).

The evaluation of interactive effect of NS hydro-alcoholic extract use
(as a supplement) and the implementation of different patterns of taper
revealed the same amount of decrease in lung tissue inflammation as
the groups without NS (Figure 5). The frequency, repetition and intensity
groups, with a decrease of respectively 61%, 75% and 72% in the second

Figure 5. Comparison of lung tissue inflammation in interval
groups and frequency, repetition and intensity taper groups
treated with N. sativa during the taper period.
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Figure 6. Comparison of lung tissue inflammation in all groups
of the study.
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week and a decrease of 77%, 82% and 80% in the third week, showed a
similar and significant decrease in lung tissue inflammation comparing
with interval exercise training group (p=0.001). In the survey of the time
effect, a decrease of 43%, 28% and 30% in lung tissue inflammation was
observed in the third week frequency, repetition and intensity taper
groups compared to the second week taper groups. This change was
significant only in frequency taper group (p=0.002, p=0.195, p=0.120
respectively in frequency, repetition, intensity groups).

The results of the present study showed that the degree of lung tis-
sue inflammation in all taper groups was significantly higher comparing
to their counterpart (p=0.04) and basic (p=0.001) groups. As it is shown
in Figure 6, the use of hydro-alcoholic extract of NS in the taper groups
could decrease the amount of lung tissue inflammation caused by
interval exercise. Lung tissue inflammation in the frequency, repetition
and intensity groups treated with NS in the second week decreased
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respectively 42%, 54%, and 50% comparing with the groups untreated
with NS and this decrease was respectively 62%, 41% and 52% in the third
week. In short, it can be concluded that the increasing interval exercise
along with the implementation of intensity and repetition tapers and
using the hydro-alcoholic extract of NS in a time period of three weeks
had the most decrease in lung tissue inflammation.

Discussion

This study analyzed the microscopical changes and structural
remodeling of lung tissue caused by inflammation in it through im-
plementation of a period of increasing interval exercise followed by
different patterns of tapering during maturation period. Since changes
in the control groups can indicate changes in the lung tissue during
maturation period, this study was designed to analyze the maturation
process as well. The age range for the research protocol was 5-14 weeks.
According to Sengupta' this age range in rats is equivalent to the
age range of 6-16 years old in humans. Therefore the male rats in the
control groups, treated and untreated with NS, were in their maturation
period in the second week of tapering. It is assumed that the significant
increase of lung tissue inflammation in these groups is due to being
in the critical period of maturation which is related to developmental
changes ofimmune system brought about by maturation and increasing
efficiency of antigenic system?®.

Our results showed that the implementation of increasing interval
exercise during maturation period causes severe lung tissue inflamma-
tion and leads the inflammatory and lymphoid cells into it. Although the
amount of lung tissue inflammation in different periods and different
patterns has decreased in animals both treated and untreated with NS
hydro-alcoholic extract, but it is still significantly higher in comparison
to the basic and control groups. It is concluded that this is because of
the downfall of immune system which occurs following a high-intensity
exercise over a long period of time®.

Although several different studies have been done about the
influence of high intensity exercise on the immune system and the
inflammatory factors in the body, but this study is unique for the micro-
scopical analysis it makes on the influence of high intensity exercise on
the immune system of lung tissue and occurrence of inflammation in it,
using histological and stereological methods. A few studies have been
done about the effects of high intensity exercise on immune system
function The presence of pulmonary macrophages is very essential in
adjusting the acute and chronic inflammatory responses and the call
of into the spreadable site of inflammation in the lung®. Michna et al*
observed that, after a period of intense training, the immigrant perito-
neal macrophages of humans and mice had a better performance in
responding to the chemotactic factors. The previous studies showed
that acute and chronic exercise training has an effective catalytic role
in many macrophage functions. On the other hand, the increasing rate
of macrophage function varies according to the intensity and duration
of exercise?'.

Previous study by Sobhani et al*? showed that HIIT in maturing
rats cause in airway narrowing of the lung parenchyma. Yadegari et
al® also indicated that HIIT leads to parenchymal remodeling in lung
tissue by induction of inflammation. Our recent research revealed that

six weeks HIIT significantly increase number of alveolar macrophage in
lung tissue*. Review of Ramel et al**, Murphy et al*® and Yamamoto et
al® studies suggested that high intensity physical activities increases
the number of neutrophils, while this increase has not been observed
in low intensity physical activities.

Some studies showed that, the function of lymphocytes, in long
periods, is sensitive to the increase of exercise intensity in endurance
activities®®*. It can be concluded that, high intensity exercises decrease
the function of lymphocytes and macrophages due to an increase in
the circulation of stress hormones, especially cortisol, and a change in
the balance of pro-inflammatory or anti-inflammatory cytokines when
responding to the exercise training®. In a study conducted on 18 swim-
mers on the national level and 11 healthy untrained volunteers, it was
found out that the number of monocytes, neutrophils and dendritic cell
subsets as well as the amount of IL-13, IL-6, and IL-12 decreases in these
athletes during the training season. The results of this study supported
the idea that long-term high intensity exercise may affect the innate
immune cells function, reduce their capacity in responding to acute
challenges, and increase the risk of URTI.

Previous studies have shown that daily repeated physical activity
during long periods, in athletes and especially endurance athletes, in-
duces damage to the epithelium cells and increases the inflammation
in their respiratory mucosa*. Thus, it can be concluded that despite of
multiple mechanisms of innate and adaptive immunity being there, the
implementation of high intensity exercise training, weakens the immune
system of the lung tissue. The reported severity of inflammation in the
lung tissue of IIT animals in this study also confirms this possibility.

For a reduction of disorders in immune system, physiological
capacity and mood state profiles of athletes following a long-term
and intensive exercise, performing a taper with a gradual reduction in
the load of exercise can be recommended by the sport trainers to the
athletes as an appropriate approach'. The results of this study showed
that the implementation of taper patterns (frequency, repetition and
intensity) after a period of IIT, could significantly decrease the lung
tissue inflammation caused by intensive exercise training but the in-
flammation was still significantly higher in comparison to the control
group after 3 weeks of taper. Regarding the time effect of the taper, the
implementation of a three-week repetition and intensity taper was more
effective in enhancing the immune system and reducing the lung tissue
inflammation subsequent to intensive exercise than a two-week taper.
The results of this study were in line with previous studies®*,

Mujica et al*, having observed the trained athletes during 1-3
weeks of taper, reported enhanced performance often accompanied
by increased anabolic activity, reduced physiological stress and resto-
ration of mucosal immunity and immune function. It has also been
shown that a 6-day taper in the middle-distance runners improved the
performance in 800 meter runners'e. Two weeks taper in triathletes®,
one week taper in rugby league players*# and two weeks taperin judo
athletes'" resulted in increased T/C ratio and improved performance. It
can be concluded that the recovery or the enhancement of immune
system function during taper is dependent on the amount of immune
system diminution during intensive exercises?.

On the other hand, by the increase of volume and intensity of train-
ing during the pre-competitive season, sport trainers will also concern
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about serious matters other than increased risk of sport injuries and
URTI development. One of these concerns is the increasing tendency
of athletes to take sport medicines and chemical supplements, some
of which are completely ineffective in long term use®. Herbal drugs and
supplements as natural treatment (complementary treatment) with
fewer side effects and multiple properties can be the best alternative
for athletes™.

In the last three decades, extensive research has been done on
the biological effects of NS seeds. In numerous scientific articles, the
antioxidant, anti-inflammatory, immune booster and antihistamines
properties of numerous compounds in NS hydro-alcoholic extract
have been pointed out”. One of the special features of NS is its role in
regulating immune function in treadmill exercised rat?*. The effect of NS
hydro-alcoholic extracts use on the reduction of lung tissue inflamma-
tion?*** specially induced by intensive exercise training has also been
observed in this study. While the implementation of different patterns
of taper reduced the lung tissue inflammation, but NS hydro-alcoholic
extracts use enhanced this reduction.

Although the amount of lung tissue inflammation in the animals
significantly decreased in all three types of taper treated with NS, in
comparison to their counterparts, but the implementation of three
weeks of intensity and repetition taper accompanied by NS hydro-al-
coholic extracts use, was more effective in the reduction of lung tissue
inflammation induced by intensive exercise. Previous studies have
indicated that some of NS compounds have the effect of reinforcing
the cellularimmunity*®. Thymogquinone's anti-inflammatory properties,
the major compound of NS extract, works through the suppression of
inflammatory mediators such as prostaglandins and leukotrienes*=°.

This study is among the few studies that examine the effect of
taper on lung tissue safety mechanism during maturation period. The
results of this study showed that although increase of interval training
intensity has been undulating and gradual but the immune system
of the lung tissue is not able to cope with that and it causes severe
inflammation in the lung tissue. This problem during pre-maturation
period may have a negative effect on the performance of the athletes
and the results of the competition or even negative effects on the
future of their sport. Our results indicated that the implementation of
three types of taper decreases the lung tissue inflammation induced
by IIT. It can be concluded that a reduction in the load of exercise alone
can compensate for the induced weakness, or enhance the immune
function so that the lung tissue inflammation decreases. But since the
interactive effect of NS hydro-alcoholic extract use and taper was more
effective in the reduction of lung tissue inflammation, we can conclude
that reducing the exercise load accompanied by NS hydro-alcoholic
extract use associated with particular anti- inflammatory properties,
has a more prominent role in safety mechanism of lung tissue. Thus
the implementation of taper along with NS hydro-alcoholic extract use
will enhance the immune system of the lung tissue during maturation
period and subsequently reduces the induced damages. It may also
make the sport life span longer. Decrease of the intensity or frequency
of the exercise load is a good pattern for taper program. However the
results of the study revealed that the implementation of 3 weeks taper is
more effective in the reduction of lung tissue inflammation than 2 weeks
taper. Itis suggested in the future studies, Changes in various factors of

innate and adaptive immunity of lung tissue in pre-maturation period
induced by increasing interval exercise or taper as well as the optimal
taper duration in human models should be studied.
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Summary

The aim of this review was to evaluate the current cognition about androgens (A) physiology, their pharmaceutical develo-
pment and place in modern medicine. Special aspect was to explore the reasons and consequences of A use as so-called
"lifestyle drugs” (LD).

To write this review, we used the scientific papers in English of a recent date on PubMed, reference textbooks, books and
monographs of different disciplines, as well as official documents and reports of some internationally recognized organizations
(European Medicines Agency, World Anti-Doping Agency, Medicines and Healthcare products Regulatory Agency).
Endocrinological role of A is generally known, but their non-hormonal effects are still the subject of intensive investigation.
For decades, testosterone (T) and its esters have been the substitution therapy of the first choice in clearly defined clinical
conditions. When it comes to pharmaceutical development, there are large number of effective and safe T formulations on
the market which provide a very good patients' compliance. Regarding clinical application of synthetic A with dominant
anabolic activity, the only acceptable indication nowadays is severe burn injuries, while others have to be proven by high-
quality clinical studies. Particularly worrying is the wide-spread us